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thereof and their pharmaceutically acceptable salts inhibit matrix 
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BRIDGED INDOLES AS MATRIX METALLOPROTEASE INHIBITORS 
ri«ld of thm Znvttation 

The present invention is directed to compounds and their 
pharmaceutically acceptable salts, which inhibit matrix tnetalloproteases, 
particularly interstitial collagenases, and are therefore usefxil in the 
treatment of mainnals having disease states alleviated by the inhibition of 
such matrix metalloproteases . 

BACKORODHD OF TBB XHVSNTXaN 

Matrix metalloproteases are a family of proteases responsible for 
degradation and remodeling of connective tissues. Members of this family 
of enzymes share a number of properties, including zinc and calcium 
dependence, secretion as zymogens, and 40-50% amino acid sequence homology. 

The matrix metalloproteasc family includes interstitial collagenases , 
derived from fibroblasts/macrophages and neutrophils, which catalyze the 
initial and rate-limiting cleavage of native collagen types I, II, III and 
X. 

Collagen, the major structiural protein of mamnals, is an essential 
component of the matrix of many tissues, for example, cartilage, bone, 
tendon and skin. Interstitial collagenases are very specific matrix 
metalloproteases which cleave collagen to give two fragments which 
spontaneously denature at physiological temperatures and therefore become 
susceptible to cleavage by less specific enzymes. As cleavage by the 
collagenase results in the loss of structural integrity of the target 
tissue, it is essentially an irreversible process and therefore a good 
target for therapeutic intervention. 

In addition to interstitial collagenases, the matrix metalloprotease 
family of enzymes include two distinct, but highly related, gelatinases: a 
72-kDa enzyme secreted by fibroblasts and a 92-kDa enzyme released by 
mononuclear phagocytes. These gelatinases are capable of degrading gelatins 
(denatured collagens) , native collagen types IV and V, f ibronectin and 
insoluble elastin. 

The matrix metalloprotease family also includes stromelysins 1 and 2, 
«rtiich are capable of cleaving a broad range of matrix substrates, including 
laminin, f ibronectin, proteoglycans and collagen types IV and IX in their 
n n-helical domains. 
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Matrilysin (putative metalloprotease or PUMP) ia a recently deacribed 
member of the matrix metalloproteaae family. Matrilyain is capable of 
degrading a wide range of matrix substrates including proteoglycans, 
gelatins, fibronectin, elastin, and laminin. Its expression has been 
documented in mononuclear phagocytes, rat uterine explants and sporadically 
in tumors. 

Inhibitors of matrix metalloproteases are considered to provide 
useful treatments for arthritic diseases, bone resorption disease (such as 
osteoporosis), the enhanced collagen destruction associated with diabetes, 
periodontal disease, corneal ulceration, ulceration of the s)cin, and tumor 
metastasis. For example, the design and potential use of collagenase 
inhibitors is described in J. Enzymm Inhibition (1987), Vol. 2, pp. 1-22, 
and in Drug Nmwa & ProspBctivma (1990), Vol. 3, No. 8, pp. 453-458. Matrix 
metalloprotease inhibitors are also the subject of various patents and 
patent applications, for example, U.S. Patent Nos. 5,189,178 (Qalardy) and 
5,183,900 ((Salardy), European Published Patent J^lications 0 438 223 
(Beecham) and 0 276 436 (F. Hoffmann-La Roche), Patent Cooperation Treaty 
International i^lications 92/21360 (Merck) , 92/06966 (Beecham) and 
92/09563 (Glycomed) . 

stnooRT 07 nx zHvmzov 

The invention provides new compounds which are useful as inhibitors 
of matrix metalloproteases, particularly interstitial collagenases, and 
which are effective in treating disease states characterized by excessive 
activity of matrix metalloproteases. 

Accordingly, one aspect of the invention is directed to con?>ounds of 
formula (I) as a single stereoisomer or as a mixture of stereoiscmrs : 




CD 



wherein: 

m is 2, 3, 4, 5, or 6; and 

n is 0, 1, 2, 3, or 4; such that: 
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when m 1b 2, 3 or 4; n is 1, 2, 3, r 4; and 

A is -CHj-, -0-, or -N(R")-, *^re R" ia hydrogen or alkyl; 
R' is a) -CBj-R^ where R* is mercaptOr acetylthio, carboxy, 

aminocarbonyl , M-hydroxyformylamino, alkoxycarJDonyl , 

aryloxycarbonyl , aralkoxycarbonyl , 

benzyXoxyaminocarbonyl , or 



0 
II 




in which R* is optionally siibstituted aryl^ wherein the 
aryl group is guinol-2-yl, naphth-l-yl, naphth-2-yl, 
pyridyl or phenyl; 

b) -CH(R^)-R* where R^ is alkyl, hydroxy, amino, alkylamino, 
arylamino, alkylsiilpbonylamino, aralkylsulphonylamino, 
alkoxycarbonyl, aminocarbonyl , aralkyl or carboxy; or R^ 
is -CK^NHR, where R is hydrogen, alkyl, aryl, 
2-benzoxazole, -SOjR*, -SO^IHR\ -SO|OR*, -C(0)R* -C(0)MHR*, 
-C(0)OR*, where R" is alkyl, trif luoromethyl , aryl^ 
aralkyl, aralkenyl or arylcarbonylaminoalkylaryl ; and R' 
is carboxy, hydroxyaminocarbonyl , aXkoxycarbonyl or 
aralkoxycarbonyl ; or 

c) -MH-CH(R*)-R'^ where R* is hydrogen, alkyl or aralkyl, and 
R'^ is carboxy, alkoxycarbonyl or aralkoxycarbonyl, 
phosphonyl, dialkylphosphonyl , or methoxyphosphonyl ; 

ia alkyl, alkenyl, trifluorotnethylalkyl , cycloalkyl, 
cycloalkylalkyl, hydroxyalkyl, alkoxyalkyl, aralkoxyalkyl, aryl, 
aryloxyalkyl or aralkyl; and 

R^ is hydrogen, hydroxy, halo, alkyl, alkoxy or aralkoxy; 

when n is 0; m is 4, 5 or 6; and 

A is -CH(R'^)- where R'^ is carboxy, alkoxycarbonyl 
or optionally substituted carbamoyl; and 

R^ R' and R' are as defined above; 
or a pharmaceutically acceptable salt thereof. 

Another aspect of the invention is directed to methods of inhibiting 
matrix metalloprotease activity in a maxnnal, which methods con^rlse 
administering to the mammal in need thereof a therapeutically effective 
amount of a compound of formula (I) , or a pharmaceutically acceptable salt 
thereof . 
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Another aspect of the invent! n is directed to pharmaceutical 
cotap sitiona uaeful in inhibiting matrix metalloprotease activity in a 
mamnal, which coo^sition conprises a therapeutically effective amount of a 
compound of formula (I), or a pharmaceutically acceptable salt thereof; and 
a pharmaceutically acceptable excipient. 

A further aspect of the invention relates to the methods of 
preparation for a coo^und of formula (I) . 

DRAILED DUGRXPTZON OT TBI IHVM T X OH 

X>efinitioaa 

As used in the specification and appended claims, unless specified to 
the contrary, the following terms have the meaning indicated: 

"BOC" refers to t-butoxycarbonyl . 

"CBZ" refers to benzyloxycaridonyl (carbobenzyloxy) . 

"CHF" refers to lir,i7-dimethylformamide. 

"EDCI" refers to N-ethyl-N'- (3-dimethylarainppropyl) -carbodiimide. 

"HOST** refers to l-hydroxybenzotriazole. 

"BtOAc** refers to ethyl acetate. 

"TRF** refers to tetrahydrofuran. 

"DCC" refers to 1,3-dicyclohexyl carbodiimide . 

"SNAP" refers to 4-dimethylaminopyridine. 

"Pht** refers to phthalimide. 

"Acetyl thio" refers to the radical -8C(0)CH,. 

"Halo" refers to bromo, chloro or fluoro. 

"Allcyl" refers to a straight or branched chain monovalent radical 
consisting solely of carbon and hydrogen, having from one to six carbon 
atoms and containing no unsaturation, e.g., methyl, ethyl, n-propyl, 2- 
methylpropyl (iso-butyl) , 1-methyl thyl (iso-propyl) , 1,1-dimethylethyl 
(t-butyl), and the like. 
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"Alkenyl" refers to a straight r branched chain radical containing 
at loaat ne unsaturated bond, e.g., ethenyl, pent-4-enyl and the like. 

"Lower alkyl" refers to a straight or branched chain containing one 
to four carbon atoms. 

"Allcylamino** refers to a radical of the formula -NBR, wherein R, is 
alkyl as defined above, e.g. methylamino, ethylamino, n-propylamino, and 
the like. 

"Alkylene" as used herein means a branched or unbranched saturated 
divalent hydrocarbon radical containing 1 to 6 carbon atoms, such as 
methylene, ethylene, propylene, 2-methylpropylene, 1,2-dimethylpropylene, 
hexylene, and the like. 

"Alkoxy" refers to a radical of the formula -OR, wherein R, is alkyl 
as defined above, e.g., methoxy, ethoxy, n-propoxy, 1-propoxy, 
l-methylethoxy, n-butoxy, t-butoxy, and the like which is optionally 
substituted with hydroxy, alkoxy, aryl, amino, alkylamino, dialkylamino, 
dialkylaminocarbonyl or N-methylpiperidin-3-yl. 

"Aminocarbonyl" refers to a radical of the formula *C(0)-KH2 where 
the amino group may be optionally substituted with one or two of the groups 
selected from a group consisting of hydroxy, aralkyl, aralkoxy, 
alkylaminoalkyl and dialkylaminoalkyl , such as bydroxyaminocarbonyl . 

"Aryl" refers to a monovalent unsaturated aromatic carbocyclic 
radical having one or two rings, such as phenyl, naphthyl, indanyl or 
biphenyl, or to a monovalent unsatxirated aromatic heterocyclic radical such 
as quinolyl, dihydroisoxazolyl, furanyl, imidazolyl, pyridyl, phthalimido, 
or thienyl optionally substituted with aryl as defined herein. Aryl can 
optionally be mono-, di- or tri- substituted independently with halo, 
hydroxy, lower alkyl, alkoxy, trif Iwromethyl , aryloxy, amino, aryl, 
acetamido, and/or cyano. e.g., 6-nitroquinol-2-yl, 6-fluoroquinol-2-yl, 
6-hydroxyquinol-2-yl, 6-methoxyquinol-2-yl, 6-nitronaphth-l-yl, 
6-chloronaphth-l-yl, 6-hydroxynaphth-l-yl, 6-raethoxynaphth-l-yl, 
6-nitronaphth-2-yl, 6-chloronaphth-2-yl, 6-hydroxynaphth-2-yl, 
6-methoxynaphth-2-yl, 6-nitrophenyl, 6-chlorophenyl, 6-hydroxyphenyl, 
6-methoxyphenyl, biphenyl, 3-methylpyridyl, 4-ethylpyridyl, 4-chlorophenyl, 
4-phenoxyphenyl, 2- pyrrol idin-l-yl-ethoxy-phenyl, 4-cyaxiophenyl, 
naphthalan- 2 -yl, 4-hydroxy-3-methyl-phenyl and the like. 

"Aryloxy** refers to a radical of the formula -OR^ wherein R^ is aryl 
as defined above, .g., phenoxy, quinol-2-yl xy, naphth-l-yl xy, or naphth- 
2-yloxy, and the like. 
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"AraDcyX" refers to a radical £ th fomula 'Kfi^ n^erein ie 
alkylene as de£lned alcove and is aryl as defined above, a.g«, benzyl, 
phenylethylene, 3-phenylpropyl, and the like. 

"Aralkoxy" refers to a radical of the formula -OR^ wherein is 
alkylene as defined above and R« is aryl as defined above, e.g., benzyloxy, 
3-naphth-2-ylpropoxy, and the like. 

"Alkoxycarbonyl" refers to a radical of the fonmila -C{0}ORt, wherein 
Rb is alkyl as defined above, or R,, is a satxirated carbocyclic ring 
containing one or more heteroatoms e.g., methoxycarbonyl , ethoxycarbonyl, 
t-butoxycarbonyl, N-methylpiperid-4-yl-oxycarbonyl, and the like. 

"Aralkoxycarbonyl" refers to a radical of the formula -CCOR^ wherein 
Ra is aralkoxy as defined above, e.g., benzyloxycarbonyl , naphthyl-2- 
ylethoxycarbonyl , and the like. 

**Benzyloxyaminocarbonyl refers to the radical of the formula 
-C (O) NHOCKjPh nfherein Ph is phenyl. 

"Carbamoyl" refers to the radical -C(0)NB2. 

"Carboxy" refers to the radical -C(0)0«* 

"Cycloalkyl" refers to a monovalent saturated carbocyclic radical 
containing no unsaturation and having from three to six carbon atoms, e.g. 
cyclopropyl, cyclobutyl, cyclppentyl, cyclohexyl. 

"Cycloalkylalkyl" refers to a radical of the formula ^iCOi)^ where R, 
is cycloalkyl as defined above and p is an integer of 1-6, e.g. 
cyclopentylpropyl, cyclopropylmethyl, cyelobutylmethyl, cyclohexylbutyl . 

"Dialkylamino" refers to a radical of the formula -NRfR, where 'Rf and 
R, are independently alkyl as defined above or R^ and R, together form a 
ring, for example, morpholinyl, piperidinyl or pyrrolindinyl , and the like. 

"Rydroxyamino" refers to the radical -MHDH. 

"Hydroxyaminocarbonyl" refers to the radical -C(0)1IR0H. 

"N-hydroxyformylamino" refers to the radical -N(OR)C(0)H. 



"Mercapto" refers to the radical -SR. 
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"Sul£oziyl" refers to the radical aSlO)! 
"Phosphonyl** refers to the radical -PO(OH), 

"Optional" or "optionally" means that the subsequently described 
event of circumstances may or may not occur, and that the description 
includes instances where said event or circumstance occurs and instances in 
^ich it does not. For exainple, "optionally sxibstituted quinol-2-yl" means 
that the quinol-2-yl radical may or may not be substituted and that the 
description includes both substituted quinol-2-yl radicals and quinol-2-yl 
radicals having no substitution. 

"Optionally substituted carbamoyl" refers to a carbamoyl radical 
optionally substituted on the nitrogen atom by one or more substituents 
selected from the group consisting of alkyl, mono- and di-al)cylaminoalkyl, 
and aralkyl. 

"Amino-protecting group" as used herein refers to those organic 
groups intexided to protect nitrogen atoms against xmdesirable reactions 
during synthetic procediires, and includes, but is not limited to, benzyl, 
acyl, acetyl, benzyloxycarbonyl (carbobenzyloxy) , p-methoxybenzyloxy- 
carbonyl, p-nitrobenzyloxycarbonyl, t-butoxycarbonyl, and the like. 

"Pharmaceutically acceptable salt" includes both pharmaceutically 
acceptable acid and base addition salts. 

"Pharmaceutically acceptable acid addition salt" refers to those 
salts which retain the biological effectiveness and properties of the free 
bases, which are not biologically or otherwise undesirable, and which are 
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids 
such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic 
acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric 
acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, 
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, 
salicylic acid, and the like* 

"Pharmaceutically acceptable base addition salt" refers to those 
salts which retain the biological effectiveness and properties of the free 
acids, which are not biologically or otherwise undesirable. These salts 
are prepared from addition of an inorganic base or an organic base to the 
free acid. Salts derived from inorganic bases include, but are not limited 
to, the sodium, potass ixim, lithium, ammonium, calciiim, magnesium, iron, 
zinc, copper, manganese, aluminum salts and the like. Preferred in rganic 
salts are the ammonium, sodium, potassium, calcium, and magnesium salts. 
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Salts derived from rganic bases include , but are not limited to, salts of 
primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines and basic ion 
exchange resins, such as isopropylamine , tr imethylamine , diethylamine , 
triethylamine, tripropylamine, ethonolamine , 2-dimethylaminoethaxiol, 
2*diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, choline, betaine, 
ethylenediamine, glucosamine, methylglucamine, theobromine, purines, 
piperaaine, piperidine, W-ethylpiperidine, polyamine resins and the like. 
Particularly preferred organic bases are isopropylamine, diethylamine, 
ethanolamine, trimethamine, dicyclohexylamine , choline and caffeine. 

"Mammal*' includes humans and all domestic and wild animals, 
incl\iding, without limitation; cattle, horses, swine, sheep, goats, dogs, 
cats, and the like. 

"Therapeutically effective amount" refers to that amount of a 
compound of formula (I) which, when administered to a mamnal in need 
thereof, is sufficient to effect treatment, as defined below, for disease- 
states alleviated by the inhib ition of matrix metalloprotease activity, 
particularly interstitial collagenase activity. The amount of a compound 
of formula (I) which constitutes a "therapeutically effective amount" will 
vary depending on the compound, the disease-state and its severity, and the 
mammal to be treated, but can be determined routinely by one of ordinary 
skill in the art having regard to his own knowledge and to this disclosure. 

•Treating" or "treatment" as used herein cover the treatment of a 
disease state in a manmial, particularly in a htiman, which disease state is 
alleviated by the inhibition of matrix metalloprotease activity, 
particularly interstitial collagenase activity, and the like; and include: 

(i) preventing the disease-state from occurring in a mammal, in 
particular, when such mammal is predisposed to the disease state but has 
not yet been diagnosed as having it; 

<ii) inhibiting the disease -state, i.e., arresting its development; 

or 

(iii) relieving the disease-state, i.e., causing regression of the 
disease state. 

"Isomers" are different compounds that have the same molecular 
formula. 

"Stereoisomers" are isomers that differ only in the way the atoms are 
arranged in space. 

"Bnantiomers" are a pair of stereoisomers that are non-superimposable 
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mirror images of each ther. A 1:1 mixture of a pair of enantiomers is a 
"racemic mixture. 

"Diastereoisomers" are stereoisomers which are not mirror-images of 
each other. 

The nomenclature used herein is basically a modified form of 
X.U.P.A*C. nomenclature %^erein conipounda of the invention are named as 
derivatives of phosphinic or alluuioic acids having a tricylo stibstituent. 
The compounds of formula it) have at least two asymmetric carbon atoms in 
their structxire; i.e. at the point of attachment of the substituent and 
the indolylmethyl group. The compounds of formula (I) and their 
pharmaceutically acceptable salts may therefore exist as single 
enantiomers, racemates, diastereoisomers« and as mixtures of enantiomers 
and diastereomers . All such single stereoisomers, racemates, 
diasteroisomers , and mixtures thereof, are intended to be within the scope 
of this invention. 

When naming the single stereoisomers of conpounds of formula (I) an 
absolute descriptor, R or 5, may be assigned to the chiral carbon atoms 
therein according to the "Sequence Rule" procedure of Cahn, Ingold and 
Prelog. 

For example, the following compound of formula (I) wherein n is 2; m 
is 3; A is -CR]-; R^ is -CHj-R^ where R^ is -C(0)MHOB; R' is 2-methylpropyl 
and r' is hydrogen, i.e., the compoimd of the following formula: 




is named herein as (3R, 105) -N-hydroxy-5-methyl-3- (9-oxo-l, 8-diaza- 
tricyclo [10.6.1. o" "] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO- 
ylcarbamoyl ) hexanamide . 

Another example is the following coR^>ound of formula (X) wherein m is 
2; n is 2; A is oxygen; r' is -CHi-R* where R* is carboxy; R* is 3- (4- 
pyridinyl) -propyl ; and R' is hydrogen, i.e., the compound of the following 
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formula: 




which is named (3R,9S) -3- (8-oxo-4-oxa-l,7-diaza- 
20 tricyclo [9.6.1. o"»"l octadeca-ll (18) , 12 , 14 , l6-tetraen- 9*ylcarbamoyl ) -6- 

pyridin-4-yl-hexaiioic acid. 

Otility and Ateiniatration 

25 A. Vtility 

The compounds of formula (I) are useful in inhibiting mannalian 
matrix joetalloproteasesr particularly mammalian interstitial collagenasas , 
thereby preventing ^he degradation of collagen within the mammal . The 

30 compounds are therefore useful in treating disease states which are 

associated with increased activity of matrix metalloproteases, particularly 
increased activity of interstitial collagenase, such as arthritis and 
osteoarthritis r tumor metastasis, periodontal disease and corneal 
ulcerations. See, e.g.. Arthritis and Jeheuraatism (1993), Vol. 36, No. 2, 

35 pp. 181-189; Arthritis and lUieumatism (1991), Vol. 34, No. 9, pp. 1073- 

1075; Saminars in Arthritis and JUKeumatism (1990), Vol. 19, No. 4, 
Supplement 1 (February), pp. 16-20; Drugs of the Future (1990), Vol. 15, 
No. 5, pp. 495-508; and J. Baxyme Inhibition (1987), Vol. 2, pp. 1-22. 

40 B. Testing 

The ability of the con^unds of formula (I) to inhibit matrix 
metalloprotease activity, particularly interstitial collagenase activity, 
may be dmonstrated by a variety of in vitro and ex vivo assays Icnown to 
45 those of ordinary sicill in the art. For exan^le, the activity f the 
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individual metall protease nay be demonstrated in the in vitro assay 
described in Anal* Bioehem. (1965), V 1. 147, p. 437, or modifications 
thereof . Physiological effects of the inhibition f matrix 
metalloproteases may be demonstrated by the ex vivo bovine cartilage 
explant assay described in Methods of Bnzymology (1967), Vol. 144, pp. 412- 
419, or modifications thereof; or by the ex vivo rat fetal long bone assay 
described in Proc. Natl. Acad. Sci. USA (1988), Vol. 85, pp. 6761-8765, or 
modifications thereof, or in J. Clin. Invest. (1965), Vol. 44, pp. 103-116, 
or modifications thereof. 

The ability to inhibit activity of collagenase-l, -2 and -3, 
stromelysin-l, gelatinases A an B, and matrilysin may be demonstrated by 
the assays as described in the MNP Enzymatic Assay in FEBS, 296, 263 (1992) 
or modifications thereof. The ability of the expounds of formula (I) to 
inhibit MFfP mediated processes in vivo may be tested using the interleiikin- 
1 stimulated cartilage explant assay and cartilage plug in^lantation assay. 

C. General Administration 

Administration of the compounds of formula (I) , or their 
pharmaceutically acceptable salts, in pure form or in an appropriate 
pharmaceutical composition, can be carried out via any of the accepted 
modes of administration or agents for serving similar utilities. Thus, 
ad m i n istration can be, for exanple, orally, nasally, parenterally, 
topically, transdermally, or rectally, in the form of solid, semi-solid, 
lyophilized powder, or liquid dosage forms, such as for example, tablets, 
si^ppositories , pills, soft elastic and hard gelatin capsules, powders, 
solutions, suspensions, or aerosols, or the like, preferably in unit dosage 
forms suitable for simple administration of precise dosages. The 
compositions will include a conventional pharmaceutical carrier or 
excipient and a confound of formula (I) as the/an active agent, and, in 
addition, may include other medicinal agents, pharmaceutical agents, 
carriers, adjuvants, etc. 

Generally, depending on the intended mode of administration, the 
pharmaceutically acceptable compositions will contain about 1% to about 99% 
by weight of a compound (s) of formula (I), or a pharmaceutically acceptable 
salt thereof, and 99% to 1% by weight of a suitable pharmaceutical 
excipient. Preferably, the composition will be about 5% to 75% by weight 
of a conqE>ound(s) of formula (I), or a pharmaceutically acceptable salt 
thereof, with the rest being suitable pharmaceutical excipients. 

The preferred route of administration is oral, using a convenient 
daily dosag regimen which can be adjusted acc rding to the degree of 
severity of the disease- state to be treated. For such oral administration, 
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a phaxmaceutically acceptable coiopoaition containing a coa^und(s) of 
formula (I) , or a pharmaceutically acceptable salt thereof. Is formed by 
the incorporation of any of the normally en^>loyed exclplents, such as, for 
exan^le, pharmaceutical grades of w a nn itol, lactose, starch, pregelatlnized 
starch, magnesium stearate, sodium saccharine, talcum, cellulose ether 
derivatives, glucose, gelatin, sucrose, citrate, propyl gallate, and the 
like. Such con^sitions take the form of solutions, suspensions, tablets, 
pills, capsules, powders, sustained release formulations and the like. 

Preferably such con^sitions will take the form of capsule, capiat or 
tablet and therefore vlll also contain a diluent such as lactose, sucrose, 
dicalclum phosphate, and the like; a dislntegrant such as croscarmellose 
sodium or derivatives thereof; a Itabricant such as magnesium stearate and 
the like; and a binder such as a starch, gum acacia, polyvinylpyrrolidone, 
gelatin, cellulose ether derivatives, and the lUce. 

The compounds of formula (I) , or their pharmaceutically acceptable 
salts, may also be formulated into a si^ipository using, for exan^le, about 
0.5% to about 50% active ingredient disposed in a carrier that slowly 
dissolves within the body, e.g., polyoxyethylene glycols and polyethylene 
glycols (PEG), e.g., PEG 1000 (96%) and PEG 4000 (4%). 

Liquid pharmaceutically adminlstrable compositions can, for exanple, 
be prepared by dissolving, dispersing, etc., a conQ)ound(s) of formula (X) 
(about 0.5% to about 20%), or a pharmaceutically acceptable salt thereof, 
and optional pharmaceutical adjuvants in a carrier, such as, for exan^le, 
water, saline, aqueous dextrose, glycerol, ethanol and the like, to thereby 
form a solution or siispension. 

If desired, a pharmaceutical composition of the invention may also 
contain minor amounts of auxiliary substances such as wetting or 
emulsifying agents, pH buffering agents, antioxidants, and the like, such 
as, for example, citric acid, sorbitan monolaxirate , triethanolamlne oleate, 
butylated hydroxytoluene , etc. 

Actual methods of preparing such dosage forms are icnown, or will be 
apparent, to those skilled in this art; for example, see Remington *b 
Pharmaceutical Sciences, 18th Ed. , (Mack Publishing Company, Easton, 
Pexmsylvania, 1990). The conposltion to be administered will, in any 
event, contain a therapeutically effective amount of a compound of 
formula (I) , or a pharmaceutically acceptable salt thereof, for treatment 
of a disease- state alleviated by the inhibition of matrix metalloprotease 
in accordance with the teachings of this invention. 

The c n^unds of formula (I), or their pharmaceutically acceptable 
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salta, are administered in a therapeutically effective amount which will 
vary depending upon a variety of factors including the activity of the 
specific cooqpound employed, the metabolic stability and length of action of 
the coa^und, the age, body weight, general health, sex, diet, mode and 
5 time of administration, rate of excretion, drug combination, the severity 

of the particular disease-state, and the host undergoing therapy. 
Generally, a therapeutically effective daily dose is from about 0.14 mg to 
about 14.3 mg/kg of body weight per day of a compound of formula (I) , or a 
phainnaceutically acceptable salt thereof; preferably, from about 0.7 mg to 

10 about 10 mg/kg of body weight per day; and most preferably, from about 1*4 

mg to about 7«2 mg/kg of body weight per day. For example, for 
administration to a 70 kg person, the dosage range would be from about 10 
mg to about 1.0 gram per day of a compound of formula (Z) , or a 
pharmaceutical ly acceptable salt thereof, preferably from about 50 mg to 

15 about 700 mg per day, and most preferably from about 100 mg to about 500 mg 

per day. 

Preferred Bo^odlaents 

20 One preferred class of the compounds of formula (I) are those where n 

is 1, 2 or 3, m is 3, and A is -CHj- . 

A preferred subclass of compounds of this class are those conqpounds 
where n is 1 or 2, where is -CHj-R^ and is hydrogen, especially %^re 
25 R* is 2-methylpropyl, biphenylpropyl, thien-2-yl-ethyl, cyclopentyl, 

cyclopropylmethyl , or cyclopentylmethyl ; and R^ is acetyl thio, mercapto, 
carboxy, alkoxycarbonyl , N-hydroxyaminocarbonyl , or K-hydroxyformylamino. 

A preferred subgrov^ of compounds of this group are those conqpounds 
30 wherein R^ is 2-methylpropyl or cyclopentylmethyl, and R^ is acetyl thio, 

mercapto, carboxy, N-hydroxyaminocarbonyl , or M-hydroxyformylamino. 

Another preferred subgroup included those compounds wherein R^ is 

35 0 

11 

OH 

40 

where R^ is optionally substituted aryl, vritierein the aryl group is guinol- 
2-yl, naphth-l-yl, naphth-2-yl, pyridyl or phenyl. A preferred subclass of 
comp unds of this class are those compounds wherein R^ is quinol-2-yl. 



45 



Another preferred sixbgroup of con^unds are those compoimds wherein 
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R' is -CH(r')-R* MfhBT^ R^ la -CH,MHR, eapaclally where R is hydrogen, R* is 
2-methylpropyl or cyclopentylmethyl , r' is hydrogen, and R* is carbotxy. 
Particularly preferred are those compounds where R is raethoxycarbonyl, 
methanesulfonyl, or ethylxireido . 

Another preferred s\ibgroup of conpounds are those confounds wherein 
R> is -CH(R')-R* where R' is alkyl, alhoxycarbonyl or carboxy; and R^ is 
2-inethylpropyl or cyclopentylmethyl; R^ is hydrogen; and R« is carboxy or 
hydroxyaminocarbonyl. Particularly preferred are those confounds wherein 
R' is methoxycarbonyl . 

Another preferred subgroup of conq^ounda are those conqpounds wherein 
R' is -NH-CH(R')-R» where R* is hydrogen, alkyl or aralkyl; and R" is 
carboxy, alkoxycarbonyl or aralkoxycarbonyl . 

Another preferred class of compoxinds are those con^tinds wherein n is 
2 or 3; m is 4; A is -N{R") - where R" is hydrogen or alJcyl; R^ is alkyl; 
and r' is hydrogen. A preferred subclass of conpounds of this class are 
those compounds wherein n is 2, R^ is 2-methylpropyl, and R" is methyl. 

Another preferred class of compounds are those compounds wherein m 
and n are both 2; A is oxygen; R4 is carboxy or hydroxyaminocarbonyl ; and 
R2 is aryl , aralkyl or aralkoxyalkyl . 

Presently, the most preferred compounds of formula (1) are the 
following : 

(3R,105) -N-hydroxy-5-methyl-3- (9-oxo-l,B-diazatricyclo- 
[10 . 6 . 1 • d'^"3 nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen- 
10-ylcarbamoyl ) hexanamide ; 

(3R, lis) -/^-hydroxy- 5-methyl-3- (10-oxo-l,9-diazatricyclo- 
[11 . 6 . 1 . O**'^] eicosa-13 (20) , 14 (19) , 15, 17-tetraen- 
ll -ylcarbamoyl ) hexanamide ; 

(3R, 9S) -W-hydroxy-5-methyl-3- (8-oxo-l, 7-diazatricyclo- 
(9 . 6 . 1 . 0«-"3 octadeea-11 (18) , 12 (17) , 13 , 15-tetraen- 
9-ylcarbamoyl } hexanamide ; 

(3R, 9S) -5 -methyl -3- (8-oxo-l , 7-diazatricyclo [9. 6 , 1 . 0"-") octadeca- 
11(18) ,12(17) ,13, l5*tetraen-9-ylcarbamoyl)hexanoic acid; 

(3R, 9S) -4-cyclopentyl-3 - {8-oxo-l , 7-diazatricyclo [9 . 6.1. 0****'] octadeca- 
11(18) ,12(17) ,13,15-tetraen-9-ylcarbamoyl)butanoic acid; 

(3R, 9S) -4-cyclobutyl-3- (8-oxo- 1 , 7-diazatricyclo (9 . 6,1. 0'^"] octadeca- 

11(18) ,12(17) ,13, 15-tetraen-9-ylcarbamoyl)butanoic acid and its 
methyl or ethyl ester; 
(3R, 9S) -3- (8-oxo-l, 7-dia2atricyclo(9. 6 .1 . 0*"] ctadeca- 

11(18) ,12(17) ,13,15-tetraen-9-ylcarbamoyl) -6-pyridin-4-yl-hexanoic 
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acid; 

(3i2« 9S) -4- (3-methoxy*4 , 5 (R, S) *dihydro-iaoxazol-5-yl) -3- (8-oxo-l , 7- 
diazatricyclo[9.6.1.0'^"] ctadeca-ll(lB) ,12 (17) , 13, 15-tetraen- 
9-ylcarbalnoyl) -butanoic acid; 

(311, 95) -4- (3 -hydroxy- 4, 5 (R,S) -dihydro-isoxazol-S-yl) -3- (8-oxo-l, 7-diazatri- 
cyclo [9.6.1. 0"**^] octadeca*ll (IB) , 12 (17) , 13 r lS-tetraen-9-ylcarbamoyl) - 
butanoic acid; 

(3A, 95) -4- (3-bromo-4, 5 (R,S) -difaydro-iBoxazol-S-yl) ^3* (8-oxo-l, 7-diazatri- 
cyclo(9.6.l.o'^"] octadaca-ll(18) ,12 (17) ,13,15-tetraen-9-ylcarbamoyl) - 
butaziolc acid; 

(2S,3J2,95)-2-hydroxy-5-methyl-3- (8-oxo-l, 7-diazatricyclo [9.6 •l.O"-"] - 

octadeca-il (18) , 12 (17) ,13, l5-tetraen-9-ylcarbamoyl) -hexanoic acid; 

(2R,3i{,95)-2- (ethoxycarbonylamino-methyl-5-methyl-3- (8-oxo-l, 7- 

diazatricyclo (9 • 6 . 1 . 0"-"] -octdeca-ll (18) , 12 (17) , 13 , 15- tetraen- 
9-ylcarbamoyl) -hexazioic acid; 

(3Je,9S) -5- (4-chlorophenoxy) -3- (8-oxo-l, 7-diazatricyclol9. 6 ,1.0'^") -octdeca- 
ll (18) ,12 (17) ,i3,l5-tetraen-9-ylcarbainoyl) -hexanoic acid; 

(2R, 2R, 95) -2- (methanestilf onamidomethyl) -4-cyclopentyl-3- (8-oxo-l, 7- 
diazatricyclo[9.6.1.0**'"loctadeca-ll(l8) ,12(17) ,13, IS-tetraen- 

9- ylcarbaiDoyl) butanoic acid; 

(105) -2-inercaptomethyl-4-infithyl-N- (9-oxo-l,8-diazatricyclo- 

[10.6.1. 0"-'*]nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen- 

1 0 -ylcarbamoyl ) pentanamide ; 
(105) -4-inethyl-2- (9-oxo-l, 8-diazatricyclo- [10.6.l.0'^"lnonadeca- 

12 (19) ,13 (18) ,14,16-tetraen-10-ylcarbainayl)pentyl(quinolin-2- 

ylthiomethyl ) phosphinic acid ; 
(105) -2-acetyltbiomethyl-4-methyl-£r- ( 9-oxo-l, 8 -diazatricyclo- 

(10 . 6 . 1 . 0'**"] nonadeca-12 (19) , 13 (18) , 14 , 16- tetraen- 

10- ylcarbamoyl) pentanamide; 

( 2R , 105) -W- hydroxy- 5 -methyl - 2 -methoxycarbonyl - 3 - (9-oxo-l , 8 - 

diazatricyclo- [10. 6.1.0^"] nonadeca-12 (19) ,13(18) ,14,16- 

tetraen- 10 -ylcarbamoyl ) hexanamide ; 
(3Je,105) -4-cyclopentyl-3-( 9-oxo-l, 8-diazatricyclo [10. 6.1, 0"*"]- 

nonadecal2(i9) ,13(18) , 14,16 -tetraen- 10 -ylcarbamoyl) butanoic acid; 
(3R, 105) -4-cyclopentyl-3- (9-oxo-l, 8-diazatricyclo [10 , 6 • 1 . 0"-") - 

nonadecai2(l9) ,13(18) , 14, 16-tetraen-lO-ylcarbamoyl} butanoic acid 

ethyl ester; 

{3R,105) -5-methyl-3- (9-oxo-l, 8-diazatricyclo (10. 6. l.O*****] -nonadeca- 
12 (19) , 13 (18) , 14, 16-tetraen-l0-ylcarbamoyl}hexanoic acid l-(2- 
dimethylaminoethyl) amide; 

(3R,l05)-5-methyl-3- (9-oxo-l, 8 -diazatricyclo (10. 6.1. o"-"] -nonadeca- 
12 (19) , 13 (18) , 14, 16 -tetraen- 10 -ylcarbamoyl) hexanoic acid 1- 
methylpiperidin-4-yl ester; 

(3R, 105) -3-cyclopentyl-3- (9-oxo-l , 8-diazatricyclo [10.6.1. 0""1 nonadeca- 
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13(19) «13(18) ,14, 16 -tetraen-io-ylcarbamoyl) propionic acid; 
(3JR,lO£r) -4-cyclopropyl-3-<9-oxo-l,8-diazatricyclo[10»6.1.0^"]iioziadeca* 

12(19) ,13(18) ,l4,16-tetraen-10-ylcarbainoyl)butaiioic acid; 
(311,105) -6- (biphenyl-4-yl) -3- (9-oxo-l, 8-diazatricycIo- I10,6,1.0"-"] - 

nonadecal2(19) ,13(18) , 14,16 -tetraen- 10 -yIcar3>aiiK>yl)hexaiioic acid; 
(3Ji, lOS) -3- (9-oxo-l, 8-diazatricyclo [10 • 6 . 1 , o"-"] nonadeca- 

12(19) ,13 (16) ,14,16-tetraan-lO-ylcarbamoyl) -5- (thiophen-2- 

yDpentanoic acid; 

(311, 105) -2- (aminomethyl) -5-roethyl-3- (9-oxo-l,8-dia2a-tricyclo[10.6.l.O*^"] - 
nonadeca-12 (19) ,13(18) ,14,16-tetraen-10-ylcarba]noyl)hexanoic acid; 

(31?, 105) -N-hydroxy-N-£oxTiiylamino-S-methyl-3- (9-oxo-l, 8-diazatricyclo- 
[10.6 . 1. 0^"] nonadecal2 (19) , 13 (18) , 14, 16-tetraen- 
lO-ylcarbamoyDhexanoic acid; 

(31?, 105) -2- (methoxycarbonylaminometbyl) -5-methyl-3- (9-oxo-i, 8- 

diazatricyclo [10. 6. 1.0>^^*] nonadeca-12 (19) ,13(18) , 14,16 -tetraen- 10- 
ylcarbamoyl ) hexanoic acid; 

(3ie,l05) -6-pyridin-4-yX-3- (9-oxo-l, B-diazatricyclo (10. 6.1.0"-"] nonadeca- 
12 (19) ,13(18) ,14, 16-tetraen-lO-ylcarbarooyl) hexanoic acid; 

(3R, 105) -2- (methaneBulfonamidomethyl) -5-methyl-3- (9-oxo-l, 8-diazatricyclo- 
[10.6.1. 0"-"] nonadeca-12 (19) , 13 (18) , 14, 16-teCraen-lO-ylcarbamoyl) - 
hexanoic acid; 

(311, 105) -2- (3-ethylureidomethyl) -5-methyl-3- (9-oxo-l, 8-diazatricyclo- 
[10 . 6 . 1 . 0"") nonadeca-12 (19) , 13 ( 18 ) , 14 , 16-tetraen- 
lO-ylcarbamoyl) hexanoic acid; 

(3115,105) -K-hydroxy-M-formyl-5-inethyl-3- (9-oxo-l, 8 -diaza- 
tricyclo (10 . 6 . 1 , 0*^"] nonadeca-12 (19) , 13 ( IB) , 14 , 16 - 
tetraen-10-ylcarbamoyl) hexylamine; 

(28,312,95) -N-hydroxy-2-hydroxy-5-methyl-3- (8-oxo-l, T-diaza- 
tricycloO.e ,1. O*^"]octadeca- 11(18) ,12(17) ,13, 15- tetraen- 9- 
ylcarbamoyl ) hexanamide ; 

(3R, 9S) -5-inethyl-3- (8-oxo-4-oxa-l, 7-diaza- tricyclo [9.6.1. 0"*"] octadeca- 
11(18) , 12,14, l6-tetraen-9-ylcarbamoyX) -hexanoic acid; 

(3R, 9S) -3-cyclobutylmethyl-M- (8 -oxo-4-oxa-l, 7-diaza- tricyclo [9 .6 . 1 . o"-"] - 
octadeca-ll(18) ,12,14,16-tetraen-9-yl)8uccinamic acid; 

( 3R , 95 ) - 3 - ( 8 -oxo-4 -oxa- 1 , 7 -diaza- tricyclo [9.6.1. o"-") octadeca- 

11(18) ,12,l4,l6-tetraen*9-ylcarbanioyl)-5-pbenoxy-pentanoic acid; 

(3R, 9S) -5- (4-chlorophenoxy) -3- (8-oxo-4-oxa-l, 7-diaza-tricyclo- 
[9 . 6 . 1 . 0"**^] octadeca-11 (18 ) , 12 , 14 , 16-tetraen-9-ylcarbainoyl ) -pentanoic 
acid; 

(3R, 9S) -5- (4-chloro-phenoxy) -3- (8-oxo-4-oxa-l,7-dia^a- 
tricyclot9.6 .i.o"-"] octadeca-11 (18) ,l2,l4,l6-tetraen-9-ylcarbainoyl) - 
pentanoic acid ethyl eater; 

( 3R, 9S) - 3 - ( 8 -oxo-4 -oxa- 1 , 7-diaaa- tricyclo [9.6,1. 0'*-"] octadeca- 

11(18) ,12,14, 16-tetraen-9-ylcarbamoyl) -5-pbenoxy-pentanoic acid ethyl 
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ester; 

(3R,9S) -6- (4-hydr xy-phenyl) -3- (8-oxo-4-oxa-l« 7*<lia2a- 

tricyclo (9.6.1. 0^"} ctadeca-11 (16) , 12, 14, 16-tetraen-9-ylcarbainoyl) - 
hexaxioic acid; 

(3R.9S) -3- (8-oxo-4-oxa-l,7-dia2a-tricyclo[9.6.l.0"-"] octadeca- 

11(18) ,12,14,16-tetraen-9-ylcarbamoyl)-6-pyrldln-4*yl-hexanolc acid; 

(3R, 9S) -6- [4- {3-hydroxy-propoxy) -phenyl] -3- (B-oxo-4-oxa-l, 7-diaza- 

tricyclo [9 . 6.1. O*'*'^] octadeca-ll (18) , 12 , 14 , l6-tetraen-9-ylcarbainoyl) - 
hexanoic acid; 

(3R« 9S) -3- (8-Qxo-4-oxa-l , 7-diaza-tricyclo (9.6.1. 0'^"] octadeca- 

11 (18) « 12 , 14 , l6-tetraen-9-ylcarbainoyl) -5- (4*phenoxy-phenyl) -pentanoic 
acid; 

(3R,9S) -6- [4- (2-hydroxy-etlioxy) -phenyl] -3- (B-oxo-4-oxa-l, 7-diaza- 
tricyclo [9 . 6.1. 0^*^] octadeca-ll (18) , 12 , 14 , 16-tetraen-9-ylcarbamoyl) - 
hexanoic acid; 

(3R,9S) -3- (8-oxo-4-oxa-l, 7-diaza-tricyclo (9.6.1 .0"-"] octadeca- 
ll (18) , 12 , 14 , 16-tetraen-9-ylcarbanioyl) -6- (4- ( 2 -pyrrol idin-l-yl - 
ethoxy) -phenyl] -hexanoic acid; 

(3R, 9S) -6- (4-inethoxy-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9.6-1- 0*"] octadeca-ll (18 ) , 12 , 14 , 16-tetraen-9-ylcarbamoyl ) - 
hexanoic acid; 

(3R, 9S) -6- (4- (2*methoxy-ethoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7-diaza- 

tricyclo(9.6-l.0^"]octadeca-ll (18) ,12,14, 16-tetraen-9-ylcarbamoyl) - 
hexanoic acid; 

(3R, 9S) -3- (8-oxo-4-oxa-l, 7-diaza-tricyclo (9 - 6.1. 0"-"] octadeca- 
ll (18) ,l2,i4,l6-tetraen-9-ylcarha!iioyl)-5-phenyl-pentanoic acid; 

(3R, 9S) - 3- (8-oxo-4-oxa-l, 7.diaza-tricyclo (9 . 6.1. o"-"] octadeca- 

11(18) ,12, 14, l6-tetraen-9-ylcarbaiiioyl)-6-phenyl -hexanoic acid; 

(3R,9S) -6- (3 -hydroxy-phenyl) -3- ( 8 -oxo-4-oxa-l, 7-diaza- 
tricyclo (9.6.1. 0*^"] octadeca-ll (18) , 12, 14 , 16-tetraen- 9-ylcarl>amoyl) - 
hexanoic acid; 

(3R, 9S) - 3 - (8-OXO-4 -oxa-1, 7-diaza-tricyclo [9.6,1. o"-"] octadeca- 
ll (18) , 12,14, l6-tetraen-9-ylcarbainoyl) -6- [4* (3-piperidin-i-yl- 
propoxy) -phenyl] -hexanoic acid; 

(3R, 9S) ^6- [4- (3-dimethylamino-propoxy) ^phenyl] *3* ( 8 -oxo<*4-Qxa-l, 7-diaza- 
tricyclo [9 -6. 1.0*^'^] octadeca-ll (IB) ,12, 14, 16-tetraen- 9 -ylcarbamoyl) • 
hexanoic acid; 

(3R, 9S) -6- (4- (2-diinethylamino-ethoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9.6.1. 0*^"] octadeca-ll (18) , 12, 14, 16-tetraen- 9 -ylcarbamoyl) - 
hexanoic acid; 

(3R, 9S) -6- (4-cyano-phenyl) -3- (B-oxo-4 -oxa-1, 7-diaza- 
tricyclo [9.6.1, 0*^"] octadeca-ll (18) , 12 , 14 , 16-tetraen- 9 -ylcarldamoyl) - 
hexanoic acid; 

( 3R , 9S j - 6 - naphthalen- 2 - yl - 3 - ( 8 -oxo- 4 - oxa- 1 , 7 -diaza- 
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tricycl (9.6.1. o"-"] octadeca- 11 ( 1 8 ) , 12 , 14 , 16 - tetraen* 9 -ylcarbamoyl ) - 
hexan ic acid; 

(3R,9S>-3- (8-oxo-4-oxa-l,7-diaza-trlcyclo{9.6.l.O"'"] octadeca- 

11(18) ,12, 14,16 -tetraen- 9 -ylcarbamoyl )-€- (4-pyrrol-l-yl -phenyl) - 
hexanoic acid; 

(3R,.9S)-6- (4-hydroxy-3-methyl-phenyl) -3- (8-oxo-4-oxa-l,7-diaza- 

tricyclot9,6.1.0"*") octadeca- 11 (18) , 12,14, 16- tetraen-9-ylcarbafnoyl) - 
hexanoic acid; 

(3R, 9S) -6- (4-benzyloxy-phenyl) -3- (8-oxo-4-Qxa-l,7-diaza- 

tricyclo [9.6.1. o"-*^] octadeca- 11 (18) , 12, 14 , 16 -tetraen- 9 -ylcarbamoyl) - 
hexanoic acid; 

(3R,9S) -6- (4- (4-aminobutoxy-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 

tricyclo (9.6.1. 0"'*'^} octadeca- 11 (18 ) , 12 , 14 , 16 - tetraen- 9 -ylcarbamoyl) - 

hexanoic acid; 
(3R, 9S) -5- (4-mothoxy-phenyl) -3- (B-oxo-4-oxa-l, 7-diaza- 

tricyclo (9.6.1. 0'^*^] octadeca-ll (18) , 12, 14 , 16-tetraen-9-ylcarbamoyl) - 

pentanoic acid; 
(3R, 9S) -6- (4-amino-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 

tricyclo (9 . 6.1. 0"-"] octadeca-11 (18) , 12, 14 , 16-tetraen- 9 -ylcarbamoyl) - 

hexanoic acid; 

( 3R , 9S ) - 3 - ( 8 - oxo- 4 - oxa -1,7- diaza - tricyclo (9.6.1.0 octadeca- 

11 (18) , 12, 14 , l6-tetraen-9-ylcarbamoyl) -6- [4- (pyridin-4-ylmethoxy) - 

phenyl] -hexanoic acid; 
(3R, 9S) -6- (4-acetylamino-phenyl) -3- (8-oxo-4-Qxa-l, 7-diaza- 

tricyclo [9.6.1.0*^"] octadeca- 11 ( 18 ) , 12 , 14 , 16 - tetraen- 9 -ylcarbamoyl ) - 

hexanoic acid; and 
(3R, 9S) -6- (4- (3-hydroxy-propoxy) -phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 

tricyclo (9.6.1. o"-"] octadeca- 11 (18) , 12, 14 , 16 -tetraen- 9 -ylcarbamoyl) - 

hexanoic acid ethyl ester. 

Preparation ot Coapounda of Vozaula (X) 

Compounds of formula (I) are peptide derivatives which can be 
prepared from the constituent a -amino acid derivative. Standard methods 
for the formation of peptide bonds are further illustrated by M. Bodanaz)cy 
ec al., The Practice of Peptide Syntheaia (1984), Springer- Verlag; 
M. Bodanszky, Principles of Peptide Syntheaie (1984) , Springer -Verlag; J. P. 
Qreenstein et al.. Chemistry of the Amino Acida (1961), Vol. 1-3, John 
Wiley and Sons Inc.; G.R. Pettit, Synthetic Peptides (1970), Vol. 1-2, Van 
Hostrand Reinhold Company. 

Amide couplings used to form the compounds of formula (I) are 
generally performed by the carbodiimide method with reagents such as 
dicyclohexylcarbodiimide or N'-ethyl-iT*- (3-dimethylaminopropyl) - 
carbodiimide (EDCI) in the presence of 1-hydroxybenzotriazole (HOBT) in an 
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inert s Ivent such as dimethylf omamide (DNP) . Other methods of forming 
the amide or peptide bond include, but not limited to synthetic routes via 
an acid chloride, acyl azlde, mixed anhydride or activated ester such as 
nitrophenyl ester. Typically, solution phase amide couplings with or 
without peptide fragments are performed. 

The selection of protecting groixps for the terminal amino or carboxy 
groups of compounds used in the preparation of the compounds of formula (I) 
is dictated in part by the particular amide or peptide coi^llng conditions, 
and in part by the amino acid and/or peptide conqponents Involved in the 
co\2pllng. Amino-protectlng groins commonly used Include those which are 
well-known in the art, for example, benzyloxycarbonyl (carbobenzyloxy) , 
p-methoxybenzyloxycarbonyl, p-nltrobenzyloxycarbonyl , t-butoxycarbonyl 
(BOO, and the like. It is preferred to use either BOC or 
benzyloxycarbonyl (CB2) as the protecting group for the er-amino group 
because of the relative ease of its removal by mild acids, e.g., by 
trifluoroacetlc acid (TFA) or hydrochloric acid in ethyl acetate; or by 
catalytic hydrogenation . 

The individual stereoisomers of conapotmds of formula (I) may be 
separated from each other by methods known to those of ordinary skill in 
the art, e.g., where R' is carboxy, by separation (e.g. fractional 
crystallization, chromatography, and/or by the methods disclosed herein) of 
the diastereomerlc salts formed by the reaction of a coii^>ound of formula 
(1) with an optically active base, at temperatures bet%feen 0"C and the 
reflux temperature of the solvent employed for fractional crystallization. 
Exemplary of such optically active bases are brucine, strychnine, quinine, 
quinidine, cinchonidlne , ephedrine, o-methylbenzylamlne, and the like. 

Combinations of substituents and/or variables in the compounds of 
formula (1) are permissible only if such combinations result in stable 
compounds . 



W 9603791 



PCTA}S96A>1506 



-20- 



te«p«ratioa of X&t«rMdiat«a s Conpouads of rozsula (J) 



Coopounds of foxnula (J) 



10 



15 



20 



25 




(O 



0 H 

where is aa defined in the Sumnary of the Invention, and p is 6, 7 or 
8, are useful for the preparation of compounds of formula (I) . Compounds 
of formula <J) are prepared as shown in Reaction Scheme 1 below; R^ and p 
are as defined, 60C is t-butoxycarbonyl , and R*' is hydrogen, mesyl or 
tosyl . 



Reaetioa 



HOCCHjJp.jCH 



0 

CEjC-O-CCH^Jp.^-CSN 



30 



2 . 



0 0 
It II 
CC> — ► CHjC-O-CCBjP^-HH-C-CHj 



H0-CCH3>p-KH2'HCl 



35 




N-B 




40 



C0> 
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3 



4 . 



CO) 



BOC-N 



II * P 



H 



0 



B 



0 



Cowpounda of formulae (B) and (F) are cotamercially available, e.g., 
from Karl Industries, Inc. or Sigma, respect ively, or may be prepared by 
methods knoim to those skilled in the art. 

In general, compounds of formula (J) are prepared by first 
esterifying an alcohol of formula (B) with acetic anhydride in the presence 
of a base, preferably pyridine, to form a compound of formula (C) , which is 
then reduced in the presence of acetic anhydride to form a compound of 
formula (D) . The compound of formula (D) is hydrolyzed under acidic 
conditions, preferably hydrochloric acid, to form a con^>ound of 
formula (B) , which is then coupled with a compound of formula (F) under 
standard peptide coupling conditions, for example, with BDCI in the 
presence of HOBT in CMF, to form a compound of formula (G) wherein R*' is 
hydroxy. This compound may then be treated with either tosyl chloride or 
mesyl chloride to form a contpo\ind of formula (0) wherein R*' is mesyl or 
tosyl. Cyclization of the tosylates so formed with an excess of NaH in an 
inert solvent, .preferably THF, under high dilution at room ten^rature 
yields the compounds of formula (H) , Alternatively, the cyclization of the 
tosylates so formed with concentrated sodium hydroxide in an inert solvent, 
preferably CHjClj, in the presence of a phase transfer catalyst, preferably 
tetra<n-butyl) ammonium hydrogen sulfate, yields the compound of formula 
(H) . The protecting group on the compoxmds of formula (H) is removed under 
mild acidic conditions, preferably in the presence of trifluoroacetic acid, 
to yield compounds of formula (J) . 

B. Preparation of Conpounds of rozmulae (Xa) , (Xb) , do) and (Id) 

Con^wunds of formula (la) are compounds of formula (I) where n is 1, 
2 or 3; m is 3 or 4; A is -CH,-; R* is -CH,-R* where R* is alJcoxycarbonyl ; 
and R^ and R* are as defined in the Summary of the Invention. 

C<Mi5)ounds f f rmula (lb) are compounds of formula (I) where n is l, 
2 r 3; m is 3 or 4; A is -CHj-; r' is -CHj-R* where R< is carboxy; and R' and 
R' are as defined in the Summary of the Invention. 
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Compounds f formula <Ic) are compounds of formula (I) «^re n is x, 
2 or 3; m is 3 r 4; A is -CB,-; R' is -CB,-R* where is 
benzyloxyaminocarbonyl ; and r' and R^ are as defined in the Sxannary of the 
Invention. 

Confounds of formula (Id) are conpounds of formula (I) %^ere n is 1, 
2 or 3; ra is 3 or 4; A is -CHj-; R* is -CHj-R* where R* is 
hydroxyaminocarbonyl ; and R^ and r' are as defined in the Summary of the 
Invention . 

Compounds of formula (la), (lb), (Ic) and (Id) are prepared as shown 
in Reaction Scheme 2 below, where p is 5, 6, 7 or 8; R^ is allcyl or benzyl; 
R^ is hydrogen or alkoxycarbonyl ; and r' and R' are as defined in the 
Summary of the Invention. 



Reaction Scheme 2 




Clb) 
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CI<1> 

Con^oimds o£ fonmila (K) are prepared by methods described herein or may be 
prepared by methods knoum to those of ordinary 8)cill in the art« 

In general, compoxinds of formulae <Ia)« (Xb) and (Ic) are prepared by 
first coupling a compound of formula (J) with a con^iind of formula (K) 
under standard peptide coupling conditions to form a conqpound of 
formula (la) . The protecting group in the compound of formula (la) is then 
removed under mild acidic conditions to yield a coinpound of formula (lb) . 

A compound of formula (lb) is then coupled with 0-benzylhydroxylamine 
under standard peptide coupling conditions to yield a conqpound of 
formula (Ic) . The benzyl protecting group in the compound of formula (Ic) 
is then removed under catalytic hydrogenation conditions to yield a 
con^xmd of formula (Id) . 

C. Preparation of Coopounds of Foraula (le) and (Zf) 

Compounds of formula (le) are compounds of formula (I) wherein n is 
1, 2, or 3; m is 3 or 4; A is -CHj-; is -CHj-R^ where is acetyl thio; 
and R^ and R' are as defined in the Summary of the Invention. 

Compounds of formula (If) are compounds of formula (I) wherein n is 
1, 2, or 3; m is 3 or 4; A is -CHj*; R* is -CHj-R^ where R^ is mercapt ; and 
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azid are as defined in the Summary of the Invention. 

Con^ unds of f rnrulae (Ze) and (If) are prepared as shown in the 
following Reaction Scheme 3 where R* and R* are as defined above and p is 5, 
6, 7 or 8: 

Reaction SohsM 3 




Cic) Clf) 



Compounds of formula (M) are conmercially available or may he 
prepared by methods )cnown to those skilled in the art. 

In general, compounds of formulae (le) and (If) are prepared by first 
coupling a con^und of formula (M) with a compound of formula (J) under 
standard peptide coupling conditions to yield a compoimd of formula (le) . 
Treatment of compounds of formula (le) with concentrated NH^OH in methanol 
yields the corresponding compounds of formula (If) . 

D. Preparation of Coopounds of Foraula (K) and Individual Stereoisoners 
Thereof 
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Compounds of formula (R) : 




wherein R'^ is alkyl or benzyl and is hydrogen, alkoxycarbonyl , 
hydroxycarbamoyX , carboxy or optionally substituted carbamoyl, are used in 
the preparation of con^unds of formula (I) . Individixal stereoisomers of 
confounds of formula (K) are used in the preparation of the corresponding 
stereoisomer of compounds of formula (I) . In particiilar, coa^>ounds of 
following formula (Ka) : 



XX 

C-OH 



<Ka) 



wherein R^ is hydrogen, is a stereoisomer of a compound of formula (K) that 
has an R conf igxiration. Conpoimds of formula (Ka) are prepared as shown in 
the following Reaction Scheme 4 wherein r' is as defined aiaove: 



Reaction Scheme 4 
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CCHjJCO 




II 

0 



C-OE 



and 



BMI 




L-C + )-2 . 10-cajiphor 



In a similar manner, but substituting D* (-) -2,10-camphor sultam for 
L-(<f)-2,10-camphor sultam, the corresponding individual stereoisomers in 
the S configuration are prepared. 

Cdopoxands of formula (HH) are commercially available or may be 
prepared according to methods )cnown to those of ordinary skill in the art, 
for example, by the method described in Exan^le 11 below. L- (-i-) -2,10- 
Camphor sultam and D- (-} -2,X0-caii9»hor sultam are commercially available, 
for example, from Aldrich. 

In general, compounds of formula (Ka) are prepared by first 
condensing a congpotind of formula (KB) with L- (+) -2, 10 -camphor sultam to 
form a compoxmd of formula (N) . Using NaHMDS to generate the anion for 1 
hour, the reaction is quenched with the t-butylbromoacetate to form the 
corresponding ester of formula (Q) . The camphor group is then removed 
xmder basic conditions to yield an individual stereoisomer of a compound of 
formula (Ka) wherein the carbon to which the substituent is attached is 
in the R configuration. 

Alternatively, cocnpotinds of formula (Ka) may be prepared according to 
the following Reaction Scheme 4A. 
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Reaction scheme 4A 
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A cotnp und f formula (HH) is first condensed with 4S- 
phenylmethyloxaz lidinone iinder standard conditions to give the 
c rresponding conqpotand f f rroula (aa) . An approximately equimolar amoimt 
of soditun hexamethyldisilazide is added to a conqpound of formula (aa) in an 
5 inert solvent such as THP, The reaction takes place at -70«C to -95»C, for 

about 15 minutes. t-Butylbromoacetate is added in excess to this mixture 
and the solution is stirred for about 2 hours at -90«C to -60»C to yield 
predominantly a single stereoisomer of formula (bb) , which is piirif ied by 
standard organic chemistry procedures. The oxazolidinone groi^ of a 
10 confound of formula (bb) is removed under basic conditions to yield an 

individual stereoisomer of formula (Ka) . 



Compounds of formula (Kb) : 




(Kb) 



20 wherein is allcoxycarbonyl « may be prepared aa shown in the following 

Reaction Scheme S wherein R' and R^ are as defined above: 

Reaction Scheme 5 



25 



30 



35 




3 



CT) CD) 



40 
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Compounds of formula (R) and (T) are comnercially available or may be 
prepared according to methods known to those skilled in the art. 

In general, compounds of formula (Kb) are prepared by first treating 
a con^und of formula (R) with isobutene and a catalytic amoimt of 
concentrated H2SO4 in methylene chloride followed by distillation to yield a 
t-butyl ester of formula (S) . The confound of formula (S) is then reacted 
with a compound of formula (T) in the presence of potassium t-butoxide to 
yield the compound of formula (U) . Hydrolysis of the compound of 
formula (XX) under acidic conditions, preferably with trifluoroacetic acid 
at room temperature, yields the compoimd of formula (Kb) where R^ is 
alkoxycarbonyl * 

Compo\mds of formula (K) where R^ is carboxy may be prepared from 
compounds of formula (Kb) where R^ is alkoxycarbonyl by methods known to 
those of ordinary skill in the art, e.g. hydrolysis. 

In addition to the above described methods of preparing isomers of 
formula (K) , compounds of formula (K) wherein R^ is alkyl may be prepared 
by treating a compoxmd of formula (K) wherein R^ is hydrogen in an aprotic 
solvent, for example, THF, in the presence of NaNCIMS)} with an haloalkane, 
preferably iodomethane, to yield a conqpoimd of formula (K) wherein R^ is 
alkyl. 

I. Preparation of Coopounds of Foznula (Zg) 

Compounds of formula (Ig) are compoimds of formula (I) wherein n is 
1, 2 or 3; m is 3 or 4; A is -CK}-; R' is -CH]-R^ where R* is 



in which R* is optionally substituted aryl, wherein the aryl group is 

quin 1-2-yl, naphth-l-yl, naphth-2-yl, pyridyl or phenyl; R' is alkyl and R^ 



0 




OH 
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iB hydrogen. Conpounds £ foxnula (Ig) are prepared ae shown in the 

£ llowing Reaction Scheme 6 wherein p ia 5, 6. 7 or 8; R^ and R' are as 

de£ined above and R*^ is mesyl or tosyl: 

Reaction 8ch«M 6 



1 . 




CWD CX) CT) 




CJ^ cig:) 

where Et represents ethyl. 

Compoxmds o£ £onnula (H) may be prepared according to methods known 
to those o£ ordinary skill in the art or may be prepared according to the 
method described in Example 19 below. Coanpounds o£ £ormula <Z) are 
comnercially available or may be prepared according to methods known to 
those o£ ordinary skill in the art. 

In general, compounds o£ formula Cig) are prepetred by first treating 
a corapoiind of formula (W) with formamide to form a compotmd of formula (X) . 
The compound of formula (X) is then treated with tosyl or mesyl chloride 
\mder basic conditions to form a conpoimd o£ formula (Y) . The compound of 
formula (Y) is then reacted with a salt of a confound of formula (Z) 
(preferably the sodium salt formed from the reaction of the compound of 
formula (Z) with sodiimi hydride) to f rm a compound of formula (AA) . The 
compound of formula (AA) is then hydrolyzed under basic conditi ns to f rm 
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a con^imd f f nnula (BB) . The COT^und o£ formula (BB) is then coupled 
with a compound f formula (J) under standard peptide conditions, 
preferably with 1, 1* -carbonyldiimidazole, to form a compotmd f 
formula (Ig) . 

5 

r. Preparation of Coapounda of Fomulae (Zh) , (ZD and (Zj) 

expounds of formulae (Ih) , (li) and (Ij) are compounds of 
formula (lb) , formula (Zc) and formula (Id) , respectively « as described 
10 above in Section B, wherein the indole ring is completely satiirated. They 

are prepared as shown in the following Reaction Scheme 7 wherein and r' 
are as defined in the Summary of the Znventioni is hydrogen and p is 5, 
€, 7 or 8: 
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10 



15 



HO- 




20 
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35 



HO- 




(II) 



40 



45 



In general, oaasgoymAB o£ formulae (Zh) , (II) and (Ij) cure prepared by 
first reducing a compound of formula (lb) \inder catalytic hydrogenation 
conditions to form a compound of formula (Ih) . The con^und of 
formula (Ih) is then reacted with O-benzylhydroxylamine under standard 
peptide coupling conditions to yield a compound of formula (li) . The 
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benzyl protecting gr up is then removed from the compound £ foximila (Zi) 
under catalytic hydrogenation conditions to yield a compound o£ 
£ nmila (Zj) . 

a. Preparation of CooEipouttds of Pozsulae (Zk) » (ZD < (Zte) and (Zn) 

Compounds of formula (Zk) are compounds of formula (Z) with an 
allylic bond, wherein n is 2 or 3; m is 4; A is -NR*' where r" is hydrogen 
or alkyl; is *CE2-R* «^ere R* is t-butoxycarbonyl ; and R^ and R' are as 
defined in the Summary of the Znvention. 

Compoiands of formula (ZD are conf>ounds of formula (Z) with an 
allylic bond, wherein n is 2 or 3; m is 4; A is -KR" where R" is hydrogen 
or alkyl; R' is -CHi-R* where R^ is carboxy; and R' and r' are as defined in 
the Summary of the Znvention. 

Con^imds of formula (Zm) are compounds of formula (Z) with an 
allylic bond, wherein n is 2 or 3; m is 4; A is -NR" where R" is hydrogen 
or alkyl; R' is -CH2-R* where R* is benzyloxyaminocarbonyl; and R^ and R^ are 
as defined in the Summary of the Znvention. 

Compo\uids of formula (Zn) are compoimds of formula (Z) where n is 2 
or 3; m is 4; A is -NR" where R" is hydrogen or alkyl; R' is -CHi-R^ where R'* 
is hydroxyaminocarbonyl ; and R^ and r' are as defined in the Summary of the 
Znvention. 

Compoimds of formula (Zk) , (Zl), (Zm) and (Zn) are prepared as shown 
in the following Reaction Scheme 8 where n is 2 or 3; R^, ft? and R" are as 
defined above; R'^ is alkyl or benzyl; R^ is hydrogen; and BOC is 
t-butoxycarbonyl : 
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30 Compounds of formula (F) are prepared by methods known to those of 

ordinary skill in the art or by the methods described herein. 

In general, compounds of formulae (Ik), (II), (Im) and (In) are 
prepared by first reacting a compound of formula (P) with a diamineal)cane 

35 or mono-al)cyl substituted diaminealkane under standard peptide coupling 

conditions, for example, with HOST and EOCI, in an inert solvent, for 
example, X>MF, to form a con^und of formula (DD) . The con^und of 
formula (OD) is then reacted with crans-l,4-dichlorobut-2-ene under basic 
conditions to form a compound of formula (EE) . The amino-protecting group 

40 of the compound of formula (EE) is then removed under mild acidic 

conditions, preferably with trif luoroacetic acid, to form a conpotand of 
formula (FF) . 



The compo\md of formula (FF) is then coupled with a confound of 
45 formula (K) \mder standard peptide coupling conditions, for example, with 
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HOBt and EDCI» t form a coaqpound of formula (Ik). The protecting group of 
the cocnpound of formula (Ik) is then r moved under mildly acidic 
conditions, for example, %rith trifluoroacetic acid* to yield a coo^und of 
formula (II) . The compound of formula (II) is then treated with O- 
benzylhydroxylamine xinder standard peptide coupling conditions to yield a 
conpotind of formula (Im) . The protecting group of formula (Im) is then 
removed tinder catalytic hydrogenation conditions to yield a con^KTund of 
formula (In) . 

H. Preparation of CcnpouBds of Poraulae (Xo) and (Xp) 

Conqpounds of formula (lo) are con^unds of formula (I) wherein n is 

I, 2 or 3; m is 3 or 4; A is -CHj-; R* is -MB-CH(R*) -R^ where R* is hydrogen, 
alJcyl or aralkyl, and R*** is aralkoxycarbonyl ; and R^ and R^ are as defined 
in the Sunmiary of the Invention. 

Compounds of formula dp) are con^unds of formula (I) wherein n is 
1, 2 or 3; m is 3 or 4; A is -CH2-; R* is -MB-CH(R*) -R*^ where R* is hydrogen, 
alkyl or aralkyl, and R'** is carboxy; and R^ and R^ are as defined in the 
Summary of the Invention. 

Compounds of formulae (lo) and dp) are pr^ared as shown in the 
following Reaction Scheme 9 wherein p is 5, 6, 7 or 8; and R^, R^ and R* are 
as defined above: 

Reaction Sehene 9 




CLL) 
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Compounds of formula (JJ) are prepared by methods known to those of 
ordinary skill in the art or by the method described in Example 36 below. 

In general, cotrqpoxands of formulae (lo) and (Ip) are prepared by first 
treating a compound of formula (JJ) with triflic anhydride, followed by 
treatment with a compoxmd of formula (KK) under basic conditions to form a 
compound of formula (LL) . The compound of formula (LL) is then hydrolyzed 
under mildly acidic conditions, preferably with trifluoroacetic acid, to 
form a compound of formula (MM) . The compound of formula (MM) is then 
coupled with a confound of formula (J) under standard peptide coupling 
conditions to form a compound of formula (lo) . The compound of 
formula (lo) is then deprotected to form a compound of formula (Ip) . 

X. Preparation of Coapouads of Poraulae (Zq) and (Zr) 

Compounds of formula (Iq) are confounds of formula (I) wherein n is 
1, 2 or 3; m is 3 or 4; A is -CHj-; is -CH(R^)-R*, where R^ is -CBiNRR, in 
which R is hydrogen, and R* is carboxy, benzyloxycarbonyl or 
alJcoxycarbonyl , and R^ and R' are as defined in the Smmnary of the 
Invention. 

Compoxmds of formula (Ir) are coinpounds of formula (I) wherein n is 
1, 2 or 3; m is 3 or 4; A is -GHj-; R* is -CH(R^)-R\ where R' is -CEflER, R* 
is carboxyl, and R, R^, and R' are as defined in the Summary of the 
Invention. 
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Coa^unds t t rrmilae (Zq) and (Ir) are prepared as shown in Reaction 
Scheme 10 below. 

Reaction Bebmrnm 10 




where Pht represents phthalimido. 




CIr) 



COR^unds of formula (J) are prepared by methods shown above. 
Coapounds of Formula (MN) are prepared by methods well known to those 
skilled in the art, for exanple as described in EP 575844. 

In general, compounds of formulae (PP) and (Iq) are prepared by first 
coupling a compoxind of formula (J) with a conpound of formula (MN) iinder 
standard peptide coupling conditions to form a compound of formula (PP) . 
The phthalimido group of the cooqpound of formula (PP) is th^n converted 
into an amine by standard methods « for example treatment with hydrazine, to 
give a con^und of formula (Iq) . 
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The compound of Formula <Xq) may then be converted into a cotnpound of 
formula (Ir) by reactions well known in the art. For exanqplei reaction of 
a compound of formula (Iq) with an alkylstxlfonyl halide in the presence f 
a base, followed by hydrolysis of the product with trifluoroacetic acid, 
gives a compound of formula (Ir) where R is alkylsulf onyl * Similarly, 
reaction of (Iq> with an alkyl, aryl, or arylallcyl chloroformate gives the 
corresponding carbamate, reaction with an acyl halide gives the 
corresponding amide, reaction with an appropriately substituted isocyanate 
gives the corresponding urea, etc. 

J. Preparation of Conpounds of Pozmula (Z) irtiere is -CS,*R^, in irt&ieh 
R' is N-faydroxy£oznylamino 

To prepare compounds of formula (I) where R^ is -CS^-n*, in which R^ is 
N-hydroxyformylamino, a compound of formula (J) is first reacted, under the 
peptide coupling conditions described above, with a conqpound of the 
formula : 




OB 



0 0 



Such coa^imds may be prepared as shown in U.S. Patent implication 
Serial No. 06/343,158, the complete disclosure of which is hereby 
incorporated by reference. 

The product of this coupling reaction is then debenzylated in a 
manner similar to that shown in Reaction Scheme IX above, to give a 
con^oxmd of formula {I) where R' is -CH,-R\ in which R* is 
M-hydroxyf ormylamino . 

X* Preparation of Conpounds of Pemila (Is), (Zt) or (Zu) 

Compounds of formula (Is) are conpounds of formula (I) wherein m and 
n are both 2; A is oxygen; R* is -CHi-R* where R* is t-butyloxycarbonyl; and 
ER^ and R^ are as defined in the Summary of the Invention. 

Compounds of formula (It) are compounds of formula (I) wherein m and 
n are both 2; A ia oxygen; R* is -CHj-R* where R* is carboxy; and R* and R' 
are as defined in the Summary of the Invention. 
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Conpounda f f mula (lu) are compounds of formula (I) wherein m and 
n are both 2; A ie oxygen; is -CHj-R^ where is allcoxycarbonyl ; and R' 
and R' are as defined in the Sxxmnary of the Inventi n. 

Confounds of formula (Is), (It) or (lu) are prepared as shown in the 
following Reaction Scheme 11. 
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Conpounda f f xmula (Ka) may be prepared as diacloaed herein. The 
preparation of conpounda of f rmula (ff) is discussed below. 

In general* compoimds of formila (Is) are prepared by first coupling 
a con^>ound of (Ka) with a compound of formula (ff) under standard peptide 
coupling conditions to yield a expound of formula (Is) . 

Treatment of compounds of formula (Is) under mild acidic conditions 
yields the corresponding compounds of formula (It) . 

Oon^unds of formula (Is) may also be converted to compounds of 
formula (lu) wherein R' is -CBfR^ where is aUcoxycarbonyl other than t- 
butylcarbonyl, by methods )cnown in the art. 

Additionally, compoiinds of formula (I) %#herein m and n are 2; A is 
oxygen; R* is •CHj^R^ where R^ is hydroxyaminocarbonyl ; and R^ and R' are as 
defined in the Summary of the Invention, may be prepared following the 
procedures as described above for the conversion of coiiqE»ounds of formula 
(Id) from con^Kninds of formula (Ic) . 

L. Preparation of the Conpouad of Voxmula (ff ) 

The preparation of the compound of formula (ff) 



0 




R3 



is shown in the following Reaction Scheme 12. 
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Reaction scheme 12 
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Coa^>ound8 of formulae (kk) and (//) are commercially available, e.g., 
from Sigma or Aldrich respectively, r may be prepared by meth ds known to 
those skilled in the art. 

Compounds of formula (//) dipicted in Reaction Scheme 12 is \ised for 
the preparation of con^unds of formula (I) wherein m and n are both 2. It 
is xinderatood that the process of Reaction Scheme 12 may be carried out 
with any one of the con^xninds represented by the formula B2^(CH]).0(CR2)«OH 
in which m and n are as defined in the Summary of the Invention. These 
con^unds are either commercially available or can be prepared by methods 
known to those skilled in the art. 

In general, the conqpound of formula (ff) is prepared by first 
coupling the compound of formula (kk) with the compound of formula itt) 
under standard peptide coupling conditions, for example, with DCC in the 
presence of of HOBT in DMF, to form the confound of formula (mm) . This 
compound (mm) is then treated with tosyl chloride to form a coo^xmd of 
f onmila (nn) . Mesyl chloride may also be used instead of tosyl chloride 
for this reaction. Cyclization of the tosylate so formed with an excess of 
NaH in an inert solvent, preferably THF, under high dilution at room 
temperature yields the confound of formula (oo) . Alternatively, the 
cyclization of the tosylates so formed with concentrated sodium hydroxide 
in an inert solvent, preferably CE|Cl2r in the presence of a phase transfer 
catalyst, preferably tetra(n-butyl)ammoni\am hydrogen sulfate, yields the 
con^>ound of formula (oo) . The protecting group BOC on the compotind of 
formula (oo) is removed under mild acidic conditions, preferably in the 
presence of trifluoroacetic acid, to yield the compound of formula (ff ) . 

X» Preparation of Ccsopouads of romula (Xv) 

Compounds of formula (Iv) are compounds of formula (I) wherein m and 
n are both 2; A is oxygen; R' is -CBj-R^ wherein R* is carboxyl or 
alkoxycarbonyl; and R' is aralkyl in which the alkylene chain is -(CH,))-; 
and R^ is as defined in the Summary of the Invention. 

Compounds of formula (Iv) are prepared as shown in the following 
Reaction Scheme 13. 
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The Compound £ formula (f£> may be prepared aa disclosed herein. 

Compounds of f rmula (gg) may be prepared following Reaction Schrae 
4A except replacing the compound of (HB) with the corresponding allyl 
compound where the group shown as in formula (HH) is replaced with prop- 
2-enyl. 

In general t compoxmds of formula (Iv) are prepared by first cox^ling 
a compound of (ff ) with a confound of formula (gg) under standard peptide 
coi^ling conditions to yield a compound of formula (hh) . 

Addition of aryl of the R' group to the allyl chain via arylation of 
compounds of formula (hh) is carried out in the presence of a base and a 
palladium catalyst by adding aryl halide^ preferably bromide or iodide, and 
heating the reaction mixture for about 2 to 4 hours, preferably 4 hours, at 
about 100«C to form a compound of formula (ii) . Catalytic hydrogenation 
(Pd/C) of an allyl compound of formula (ii) yields the corresponding 
compounds of the formula (Iv*). 

Compounds of formula (Iv*) may be converted to the corresponding 
compounds wherein R^ is -CB|-R^ where R^ is carboxy or other alkoxycarbonyl 
groups following the procedures as decribed for the preparation of 
compounds of formula (It) and (lu) . 

Alternatively, arylation may be carried out first on compoiinds of 
(gg) following the procedures as described above, and the resulting 
compound of formula (Ka) is then coupled with the conqpound of formula (f f ) . 

N. Preparation of Coopounds of rozaula (Iw) 

Confounds of formula (Xw) are compounds of formula (I) wherein R^ is 
arallcyl in which aryl is substituted with an alkoxy group (aryl-O-R") ; and 
m, n, A, R' and R' are as defined in the Summary of the Invention. 

These compoiinds can be prepared via modification of the substituents 
on the aryl ring such as 0-al)cylation of the phenol group (i.e., R* is 
hydrogen) . 

Salts of Compounda of Formula (I) 

In addition, all compounds of formula (I) that exist in free base 
form may be converted to their pharmaceutically acceptable salts by 
treatment with the appropriate inorganic or organic acid. Salts of the 
compounds of formula (I) can also be converted to the free base form or to 
another salt. 
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In sunsnary, coin{>ounds of fonmila (I) are prepared by: 

1. reacting a conp imd of f rmula (K) where is hydrogen or 
alkoxycarbonyl; R" is al3cyl or benzyl and R' is as defined in the Siiinmary 

5 of the Invention; with a compound of formula (J) wherein p is 5, 6, 7 or 8 

and R' is as defined in the Summary of the Invention; to form a compomd of 
formula (I) %#faerein n is 1, 2, or 3; m is 3 or 4; A is -CH]-; R> is -CHt-R^ 
where R^ is alkoxycarbonyl; and r' and R^ are as defined in the Sunnary of 
the Invention; or 

10 

2. treating a compound of formula (I) wherein n is 1, 2, or 3; m 
is 3 or 4; A is -CH3-; R' is -CHj-R^ where R^ is alkoxycarbonyl; and R^ and R' 
are as defined in the Summary of the Invention; to form a compoxind of 
formula (I) wherein n is 1, 2, or 3; m is 3 or 4; A is -CHi-; R' is -CH^-R^ 

15 where R^ is carboxy; and R^ and R^ are as defined in the Summary of the 

Invention; or 

3* treating a conpoimd of formula (I) wherein n is 1, 2, or 3; m 
is 3 or 4; A is -CH}-; R^ is *CH}-R^ where R^ is carboxy; and R^ and R' are as 
20 defined in the Sumnary of the Invention; with 0-protected hydroxylamine 

such as O-benzylhydroxylamine to fom a compound of formula (I) %rtierein n 
is 1, 2, or 3; m is 3 or 4; A is -CH,-; R' is -CHj-R* where R* is 
benzyloxyamixiocarbonyl ; and r' and R' are as defined in the Summary of the 
Invention; or 

25 

4. treating a con^und of formula (I) wherein n is 1, 2, or 3; m 
is 3 or 4; A is -CH,-; R' is -CHj-R^ ndiere R^ is benzyloxyaminocarbonyl ; and 
R^ and R^ are as defined in the Siunmary of the Invention; to form a con^und 
of formula (I) wherein n is 1, 2, or 3; m is 3 or 4; A is -CHj-; R' is -CHj- 

30 R^ where R* is hydroxyaminocarbonyl ; and R^ and R' are as defined in the 

Summary of the Invention; or 

5. reacting a conpound of formula (M) wherein R^ is as defined in 
the Summary of the Invention, with a compowd of formula (J) where p is 5, 

35 6, 7 or 8; and R^ is hydrogen, to form a conpound of formula (I) wherein n 

is 1, 2 or 3; ro is 3 or 4; A is -CH3-; R* is -CH}-R'^ %rtiere R^ is acetylthio; 
and R' and R^ are as defined in the Summary of the Invention; or 

6. treating a compound of formula (I) wherein n is 1, 2 or 3; m is 
40 3 or 4; A is -CH]*; R* is -CH}-R^ where R^ is acetylthio; and R^ and R^ are as 

defined in the Sximmary of the Invention; to form a cotqpo\md of formula (I) 
wherein n is 1, 2 or 3; m is 3 or 4; A is -CK3-; R* is -CB2-R* where R^ is 
mercapto; and R' and R^ are as defined in the Sunraary of the Invention; or 
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7. reacting a compound of fonnula (BB) i^re ia as defined in 
the Siimnary of the Invention; and ia optionally si;^8tituted aryl wherein 
the aryl group is quinol-2*yl, naphth-l*yl, naphth-2-yl, pyridyl r phenyl; 
with a compound of formula (J) where p is 5, 6, 7 or 8; and R' is as 
defined in the Summary of the Invention, to form a compoxind of formula (I) 
wherein n is 1, 2 or 3; m is 3 or 4; A is -CHi-; R* is -CHj-R* where R^ is 



0 
II 




in which R* is optionally substituted aryl, wherein the aryl group is 
quinol-2-yl, naphth-l-yl, naphth-2-yl, pyridyl or phenyl; R* and R' are as 
defined in the Summary of the Invention; or 

8. treating a compound of formula (Im) where n is 2 or 3; m is 4; 
A is -NR" where R" is hydrogen or allcyl; R' is -CHj-R^ where R* is 
benzyloxyaminocarbonyl; and R' and R' are as defined in the Summary of the 
Invention; to form a coo^und of formula (I) wherein n is 2 or 3; m is 4; A 
is -MR" where R" is hydrogen or alkyl; R' is -CB|-R^ where R^ is 
hydroxyaminoearbonyl ; and r' and R' are as defined in the Summary of the 
Invention; or 

9. reacting a compound of formula (MM) where R' is hydrogen, alkyl 
or aralkyl and R^ is as defined in the Summary of the Invention; with a 
compound of formula (J) where p is 5, 6, 7 or 8 and R' is as defined in the 
Summary of the Invention; to form a compound of formula (I) wherein n is 1, 

2 or 3; m is 3 or 4; A is -CHi*; R^ is -NH-CH (R*) -R*^ %rtiere R* is hydrogen, 
alkyl or aralkyl, and R**^ is aralkoxycarbonyl ; and R^ and R' are as defined 
in the Summary of the Invention; or 

10. treating a compound of formula (I) wherein n is l, 2 or 3; m is 

3 or 4; A is -CK,*'* is -MH-CH(r') -R*" i^ere R* is hydrogen, alkyl or 
aralkyl, and R*^ is aralkoxycarbonyl; and R^ and R' are as defined in the 
Summary of the Invention; to form a compound of formula (I) wherein n is 1, 
2 or 3; m is 3 or 4; A is -CH}-; R' is *NK-CH (R*) -R*** where R* is hydrogen, 
al]cyl or arallcyl, and R^° is carboxy; and r' and R^ are as defined in the 
Summary of the Invention; or 

11. treating a compound of formula (PP) wherein p is 5, 6, 7 or 8; 
R" is hydroxy, benzyl or alkyl; and r' and R^ are as defined in the Summary 
of the Invention;, to fora a compound of formula (I) wherein n is 1, 2 or 
3; m is 3 or 4; A is -CHj-; R' is -CH(R^)-R' urtiere R^ is -CB|NHR in which R is 
hydrogen and R' is carboxy, benzyloxycarbonyl r alkoxycarbonyl ; and R^ and 
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are as defined in the Sunanary of the Invention; or 

12. treating a compound f formula (I) wherein n is 1, 2 or 3; m ie 
3 or 4; A is -CHj-; is -CH(R^)-r' v^re R^ is -CBjNHR in which R is 
hydrogen and R* is benzyXoxycarbonyl or alkoxycarbonyl ; and R^ and r' are as 
defined in the Summary of the Invention; to form a cooq^ound of formula (I) 
wherein n is 1, 2 or 3; m is 3 or 4; A is -CHj-; R' is -CH(R^)-R* ^ere R^ is 
-CHiNHR in which R is hydrogen and R' is carboxy; and r' and R^ are as 
defined in the Sxunnary of the Invention; or 

13. reacting a compound of formula (Ka) wherein r' is as defined in 
the Summary of the Invention with a conpound of formula (ff ) %^erein R' is 
as defined in the Summary of the Invention; to form a compound of formula 
(I) wherein m and n are both 2; A is oxygen; R' is -CH2-R^ where R^ is t- 
butyloxycarbonyl ; and R^ and R^ are as defined in the Summary of the 
Invention; or 

14. hydrogenating a compound of formula (ii) wherein R^ is as 
defined in the Summary of the Invention, to form a compound of formula (I) 
irtierein m and n are both 2; A is oxygen; R^ is -CKj-R^ where R^ is t- 
butyloxycarbonyl; R* is aralkyl (aryl- (CH,),-) ; and R' is as defined in the 
Stammary of the Invention; or 

15. converting a con^und of formula (I) wherein m and n are both 
2; A is oxygen; R* is -CBj-R^ where R^ is t-butyloxycarbonyl; and R^ and r' 
are as defined in the Summary of the Invention; to a compound of formula 
(I) wherein m and n are both 2; A is oxygen; R' is -CHj-R^ where R' is 
carboxy; and R^ and R^ are as defined in the Summary of the Invention; or 

16. converting a conpound of formula (I) wherein m and n are both 
2; A is oxygen; R* is -CHj-R^ %^re R* is carboxy or t-butyloxycarbonyl; and 
R^ and R^ are as defined in the Summary of the Invention; to a compound of 
formula (I) wherein m and n are both 2; A is oxygen; R' is -CHj-R* where R^ 
is an alkoxycarbonyl other than t-butyloxycarbonyl; and R' and R' are as 
defined in the Summary of the Invention; or 

17. converting a compound of formula (I) m^erein R' is 
hydroxyarylalkyl; and m, n, a, R' and r' are as defined in the Summary of 
the Invention, to form a compound of formula (I) wherein R^ is 
alkoxyarylalkyl ; and m, n. A, R^ and R' are as defined in the Summary of the 
Invention. 
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The f lloving apecif ic examples are provided as a guide to assist in 
the practice f the invention, and are not intended as a limitation n the 
scope of the invention. 

Ssaaple 1 

Con^xmd of formula (E) 

A. 6-Cyano-l-hexanol (7.1 g, 55.8 nmol) %#as dissolved in 30 mL of 
acetic anhydride under argon atmosphere. To this material was added 5.3 mL 
(65.4 mmol) of pyridine dropwise and the mixtiire was left to stir for 2 
hours. The contents of the flask were then poured into a beaker containing 
50 mL of ice water and the material was stirred for 15 minutes. The 
mixture was transferred to a 250 mL separatory funnel and ether (100 mL) 
was added. After shaking the ether phase was isolated and the aqueous 
phase washed twice more with ether (2 x 100 mL) . The combined ether phase 
was washed with brine, dried (MgSOi) and filtered. Evaporation (rotary 
evaporator and vacuum pmp) provided 6-cyano-l-acetox>^exane (the conqpound 
of formula (C) ) which was used immediately in the next step. 

B. 6-Cyano-l-acetoxy-hexane (55.8 mmol) was dissolved in about 100 
mL of acetic anhydride in a Parr reaction bottle (500 mL capacity) . To 
this was added acetic acid (0.5 mL) followed by platinum oxide (100 ng) . 
The flask was placed on a PARR hydrogenator apparatus and charged with 
hydrogen gas (40 psi) . The material was shaken for 12 hours, filtered 
through celite (to remove catalyst) , charged with fresh platinum oxide (100 
mg) and hydrogen (40 psi) and left to shake for a further 24 hours. The 
material ms filtered through celite and all volatiles were removed under 
reduced pressure (rotary evaporator) . The desired l-acetoxy-7- 
acetamidoheptane was pure enough to txae in the next step (11. B g obtained) . 

C. l*Acetoxy-7-acetamidoheptane (11.8 g, 54.3 imnol) was dissolved 
in 20 mL of methanol in a 200 mL round bottom flask. To this was added 50 
mL of 40% aqueous hydrochloric acid and the mixture was heated at reflux 
for 60 hours. All volatiles were removed \inder reduced pressure. The 
desired 7-amino-l-heptanol was obtained as the crystalline hydrochloride 
salt, m.p. 74«81<'C, MS: 131 (MH^) . 

taaapXe 2 

Compounds of formula (O) 
A. W*Methylmorpholine (2.2 mL, 19.7 mmol) was added dropwise at 
room temperature to 7-amino-l-heptanol hydrochloride salt (3.3 g, 
19.7 mmol) , in 50 mL of dry DHF under argon with stirring. After stirring 
for 5 minutes the following were added: N-t-butoxycarbonyl-L- tryptophan, 
(5 g, 16.45 mmol), 1-hydroxybenzotriazole, (2.52 g, 16.45 mmol) and BDCZ 
hydrochloride (4.73 g, 24.7 mmol). The mixture was stirred for 2 hours and 
then the DMF removed xmder reduced pressure. The residue was taken up in 
cold 2.5% HCl (100 mL) and ethyl acetate (3x100 mL) and transferred to a 
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aeparat ry ftinnel. The rganic phase was isolated and washed consecutively 

with cold 2.5% HCl (100 mL) and then brine (100 mL) . The ethyl acetate 

phase was dried (MgS04) , filtered and concentrated to obtain N-t- 

butoxycarbonyl-L- tryptophan* (7-hydroxyheptyl) amide; 

IR (neat): 3300, 2921, 1685, 1645, 1490, 1356, 1157 cm*; 

*H MKR (60 MHz, CDCl,) : d 0.98-1.62 (m, lOH, -((%)]-), 1.45 (s, 9H, t- 

butyl), 2.86-3.32 (m, 4H,CH-Cg2' HK-CH:) . 3.68 (t, 2H, J-5.6 Hz, -CQPH) , 

4.22-4.55 (m, IH, Cg) , 5.12-5.32 (broad d, IH, Ng-CH) , 5.65-5.9 (broad t, 

IH, Kg-CHj), 6.98-7.92 (m, 5H, Arfi) , 8.63 (broads, indole Nfl) . 

B. A solution of N-t-butoxycarbonyl-L-tryptophan- 

( 7-hydroxyheptyl) amide (8.2 g) in 150 mL of anhydrous pyridine was cooled 
to 0«C (ice bath). Para- toluenesulfonyl chloride (4.7 g) was added to the 
solution in one portion and the cooled mixture was left to stir for 7 
hoiirs. The reaction was quenched by adding 50 mL of ice water and removing 
all volatiles tinder reduced pressure. The product, l/-t-butoxycarbonyl-L- 
tryptophan- (N»- (7- (4 • -methylphen-l-yl) sulfonyloxy)heptyl) amide was isolated 
by column chromatography on silica gel using 10-40% ethyl acetate/hexane as 
eluant. This material crystallized on standing, MS: 572 (HH^) . 

C. Alternatively, to a solution of N-t-butoxycarbonyl-L- tryptophan 
(5.0 g, 16.45 mmol) , 6-amino-l-hexanol (2.31 g, 19.74 mrool) and 1- 
hydroxybenzotriazoleHxO (2.52 g, 16.45 mmol) in dry DMF (50 mL) at room 
t«nperature under argon was added EDCI (4.73 g, 24.68 mmol) . After 
stirring overnight, the DMF was removed under high vacuum. The residue was 
partitioned between ethyl acetate (150 mL) and IN RCl (75 mL) . The organic 
layer was further washed with IN HCl (75 mL) , saturated sodium bicarbonate 
solution (2x75 mL) , and finally with brine (50 mL) . The organic layer was 
dried (MgS04) and evaporated to dryness to yield 6.45 g (97%) 
N-t-butoxycarbonyl-L-tryptophan-N'- (6-hydroxyhexyl)amide as a white foam, 
MS: 404.3 (M^fH)'*'. The purity of the product was confirmed by analytical 
HPLC. 

D. Proceeding further, to N-t-butoxycarbonyl-L-tryptophan-N'- (6- 
hydroxyhexyl) amide (5.5 g, 13.64 mnol) in 150 niL dry pyridine at O^C under 
argon was added 3.9 g (20.46 mmol) p- toluenesulfonyl chloride. The 
homogeneous solution was stirred at the same temperature overnight. The 
reaction was quenched with 25 mL of water and excess pyridine was removed 
imder reduced pressure. The residue was dissolved in ethyl acetate (120 
mL) and washed with IN HCl (2x50 mL) , saturated NaHCO, solution (SO mL) , 
and brine (50 mL) . The organic layer was dried (Mg804) and evaporated to 
give as a pale yellow oil, N-t-butoxycarbonyl-L-tryptophan- (N*- (6- (4 < - 
raethylphen-l-yl)sulfonyloxy)hexyl) amide (5.77 g, 76%), MS: 558.3 (M+H)*. 

E. To 5-hydroxytryptophan (3.5 g, available from Sigma) and 
triethylamine (5.6 mL) in water (25 mL) and tetrahydr furan (50 mL) was 
added BCX:-ON {2-(t-but xy-carbonyl xyimino) -2-phenylacetonitrile) , After 
2.5 hours, the tetrahydrofuran was removed, 10% NsjCGs (20 mL) was added and 
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the mixture was partitioned with ether (50 mL) . The aquecme p rtion was 
furth r extracted with ether (20 mL) and then acidified with cold 10% HCl 
in a two-phase system containing ethyl acetate (100 OL) * The ethyl acetate 
portion was separated and washed with water (30 mL) , brine, dried over 
anhydrous MgS04 and concentrated to give a syrup. The syrup was reacted 
with. 6-amino-l-hexanol in a similar manner as described above in Bxanple IC 
to yield N- t-butoxycarbonyl-L- (5-hydroxy) tryptophan-/^'- (6- 
hydroxyhexyl) amide. Half of this product was taken in 40 mL of CMP and 
treated with K^COj (5 g) and iodomethane (1.2 g) at room tenq^rature 
overnight. The reaction mixture was then partitioned between water (50 mL) 
and ethyl acetate (80 mL) ^ the organic portion was further washed with 
%rater (2X20 mL) , brine, dried over anhydrous MgS04 and concentrated to an 
oil. Purification of the product, N- t-butoxycarbonyl-L- (5- 
methoxy) tryptophan-N'- (6-hydroxyhexyl) amide, was then done by silica gel 
chromatography; MHR: 6 (CDCI3) 0.9-1.6 (m, CB}, 8B) ; 1.45 (s, 9H) ; 2.7- 
3.3 (m, 5H); 3.6 (t, 2H) ; 3.85 (s, 3H) ; 4.35 (m, IB); 5.3 (broad d, IH) ; 
5.85 (broad t, IE); 6.75-8.3 (m, 4H) ; 8.73 (broad s, IR) . 

F. In a similar manner, the following conqsounds are made: 
N- t-butoxycarbonyl-L- (5-ethoxy) tryptophan-if ' - ( 6 -hydroxy- 

hexyl) amide; 

N-t-butoxycarbonyl-L- (5-propoxy) tryptophan'17'- (6-hydroxy- 
hexyl) amide; 

N- c-butoxycarbonyl-L- (5-ethyl) tryptophan-N' - (6-hydroxy- 

hexyl) amide; and 
N- t-butoxycarbonyl-L- (4-methyl) tryptophan-N'- (6-hydroxy- 

hexyl) amide. 

Ixaaple 3 

Coa^unds of formula (H) 

A. N-t-Butoxycarbonyl-L- tryptophan- (N* - (4 * -methylphen-l- 
yDsulfonyloxyheptyl) amide (6.78 g) was added portion-wise to a solution of 
NaH (60% in oil, 1.9 g) in l.l liters of anhydrous tetrahydrofuran and left 
to stir overnight. The reaction mixture was concentrated and teJcen \xp in 
water (150 mL) and CH3CI2 (150 mL) . The aqueoxis phase was made slightly 
acidic with 2.5% HCl (pH«3-4) and the organic phase was isolated (3x150 
mL) and washed consecutively with cold 2.5% HCl (150 mL) , 5% HaHCO) (150 
mL) and brine (150 mL) . The organic phase was dried (MgSO*) , filtered and 
concentrated providing a green-yellow semi-solid material. Purification by 
chromatography on silica gel gave (115) -11-N'- (t-butoxycarbonyl) amino- 10- 
0x0-1 . 9-diaza-tricyclo 111. 6 . 1 . 0'*"] eico8a-13 (20) , 14 (19) , 15 , 17- tetraene, 
m.p. 208-209<>C, HS: 400 (M+H)*. 

B . Alternatively, to N-t-butoxycarbonyl-L- tryptophan- (K* - (6- (4 ' - 
methylphen-l-yl)8ulfonyloxy) hexyl) amide (5 g, 8.97 mmol) in ne liter of 
dry THP at O^C under argon was added 4 equivalents of 60% NaH (1.44 g, 36 
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mmol) in small portions ver 10 minutes. The mixture was then stirred at 
room temperature vemight. The resulting yellow mixture was evaporated 
down t •^200 mL and 1 liter of distilled water was added. The mixture ms 
then acidified with IN BCl %d.th vigorously stirring. The yellow 
precipitate was collected by filtration and dried over PA At high vacuum 
overnight. The dry crude product (B g) %ras chromatographed on silica-gel 
60, eluted with 30% ethyl acetate in CH^Clj to give 1.2 g (35%) of (105) -10- 
W - ( t-butoxycarbonyl) amino- 9-oxo-l , e-diaza-tricyclo [10 .6.1. 0"-"] nonadeca- 
12(19) ,13(18} ,14, 16-tetraene as a white powder, MS: 3B6 (M<i*H)-i-, m.p. 222- 
223»C. 

C. Alternatively, to a solution of the N-t-butoxycarbonyl-L- 
tryptophan- (6- (4*-mathylphen-l-yl)Bulfonyloxy)hexyl)amide (1.21 g, 
2.17 mmol) in 45 ml reagent grade methylene chloride were added 15 ml of 
40% aqueoiis KOH and 0.^ equivalent of Jaenzyl triethyl atmnonium chloride 
(0.65 nnol, 148 mg) . The two phase mixt\ire was stirred vigorously at room 
temperature overnight. The organic layer was separated and the aqueous 
layer was extracted with 25 mL methylene chloride. The combined organic 
layer was washed with water (25 mL) , dried (MgS04} , and evaporated to 
dryness. The residue was stirred in 10% ether in pet ether at O^C for 15 
minutes and filtered to give 792 mg (93%) of (lOS) -10-N'- (t-butoxy- 
carbonyl) amino- (9-oxo-l , 8-diasa-tricyclo [10 .6.1. 0^"] nonadeca- 
12(19) ,13(18} ,14, 16-tetraene as a white powder. 

rnxmrn^lm 4 

Compounds of foxrmila (J) 

A. (lis) -11- W- (t-Butoxycarbonyl) amino- (lO-oxo-1, 9-diaza- 
tricyclo[ll.6.1.0'**'»]eicosa-13(20} ,14(19) ,15,17-tetraene (850 mg) was 
dissolved in 5 mL of a 10% trifluoroacetic acid in methylene chloride 
solution and stirred for 1 hour. The volatiles were removed under reduced 
pressure. The residue was taken up in CBfilt (40 mL) and IN NaOH (40 mL) and 
transferred to a separatory funnel* The organic phase was isolated and 
washed with brine, dried (MgSO*) , filtered and concentrated to obtain 654 
mg of (ll5}-ll-amino- (10-oxo-l,9-diazatricyclo(11.6.1«0^'*]eico8a- 
13(20) ,14 (19) ,15,17-tetraene. 

B. Alternatively, (lOS) -lO-W- ( C-butoxycarbonyl} amino- (9-oxo-l, 8- 
diazatricyclo(10.6.1.0'*'"lnonadeca-12(19) ,13(18) .14,16-tetraene (0.5 nmol, 
193 mg) was stirred in 20% TFA/CPjClj (10 mL) at room temperature for 2 
hours. Excess of TFA and solvent was removed iinder reduced pressure. The 
residue was dissolved in ethyl acetate (30 mL) and washed with IN HCl (25 
mL) , brine (10 mL) , and dried (MgSO*) . Evaporation to dryness gave 140 mg 
(quant.) of (105) -lO-amino- (9-oxo-l, 8 -diazatricyclo [10. 6.1.0*^"] - 
nonadeca-l2(l9) ,13 (18) ,14,16-tetraene as a white foam, m.p. 157-160«C, MS: 
286.2 (M-i-H)^. 
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■uapl* 5 

Coo^unda f £ nmila (la) 

A. To a stirred solution of (llS) -ll-amino- (10-oxo-l,9-diaza- 
tricyclo[lX.6.I.0^*■']eicoaa-l3(20) ,14(19) ,15,17-tetraane (654 tng) and 
racemic 4-methyl-2- t-butoxycarbonylmethylpentanoic acid (800 wg) in 30 mL 
of anhydrous DMP under argon was added l-hydrox>^>enzotriazole (360 ng) , 
followed by EDCI (940 mg) . The mixtture was left to stir overnight and then 
the DMF was removed under reduced pressure. The residue was talcen tQ> in a 
mixture of CB1CI3 (100 mL) and 1.5% cold HCl (100 mL) and transferred to a 
separatory funnel. The organic phase ms isolated and washed consecutively 
with 1.5% HCl (100 mL) , 5% HaHCO, (100 mL) and brine (100 mL) . The CBsCl^ 
phase was dried (MgS04) , filtered and concentrated providing a semi- 
crystalline product, (115) -5-methyl-3- (10-oxo-l, 9-diazatricyclo- 
[11.6.1.0^-'*]eicosa-13(20) ,14(19) ,15, 17-tetraen-ll-ylcarbamoyl)hexanoic 
acid t-butyl ester. The two individual stereoisomers of this compound were 
separated by chromatography on silica gel with ethyl acetate/hexane as 
eluant. The less polar stereoisomer had a melting point of 154-157«C, 

[or] g^— 43.9^, c«23.8 mg/2 mL CBCI5, while the more polar stereoisomer had a 
melting point of 168-17l«C, [or] J^— 19.1«» c-11.86 mg/2 mL CHCl,. 

B. Alternatively, to a solution of (2J2) -4-methyl-2- (c- 
butoxycarbonylmethyDpentanoic acid as prepared above (2.39 g, 10.4 nmol) , 
HOBtHjO (2.5 g, 1 eq.), K-methylmorpholine (2,3 mL, 2 eq.), and (105)-10- 
amino- ( 9-oxo-l, 8-diazatricyclo (10.6.1. 0*^"lnonadeca-12 (19) , 13 (18) , 14 , 16- 
tetraene (2.96 g, 1 eq.) in dry DMF (200 mL) under argon was added EDCI 
(3.96 g, 2.0 eq.) . The resulting mixture was stirred overnight, then the 
next morning the DMF was removed at 35^C under high vacuum. The residue 
was partitioned between CH2CI3 (150 mL) /water (75 mL) , then the organic 
layer was %rashed with 0.5N HCl (2x75 mL) , saturated NaHCO) (2x75 mL) and 
finally with brine (1x75 mL) . After drying the CBjClj layer over NasSO*, it 
was filtered and evaporated to dryness. Purification by column 
chromatography (petroleum ether to 30% ethyl acetate/petroleum ether) gave 
(3R, lOS) -5-methyl-3- (9-oxo-l, 8-diaza-tricyclo [10 .6 . 1 . O**-"] nonadeca- 
i2(i9),l3(lB),l4,l6-tetraen-lO-ylcarbamoyl)hexanoic acid t-butyl ester 
(3.24 g, 62.7%) . 

C. In a similar manner, the following compounds of formula (la) 
were prepared: 

(3R, lOS) -4-phenyl-3- (9-oxo-l, 8- diaza-tricyclo [10 . 6 . 1 . 0"-"] - 

nonadeca-12 (19) ,13(18) ,14,16-tetraen-lO-ylcarbamoyl) - 

butanoic acid t-butyl ester, MS: 532 (M^-H)^; 
(3K, 105) -4-cyclohexyl-3- (9-oxo-l, 8-diazatricyelo [10.6 .1. 0^") - 

nonadeca-12 (19) , 13 (18) ,14, 16-tetraen-lO-ylcarbamoyl) - 

butanoic acid t-butyl ester, MS: 538 (M^H)'*'; 
{2R, 105) -6-phenyl-3- (9-oxo-l , 8-diaza-tricyclo [10 . 6 . 1 . 0"-"] - 

nonadeca-12 (19) .13(18) ,14, 16-tetraen-lO-ylcarbamoyl) - 
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hftxazioic acid t-butyl ester, MS: S€0 (H-fH)'*'; and 
OR, lOS) - 3 - ( 9-oxo-l , 8-dlaza- tricyclo [10 . € * 1 • 0**-"] nonadeca- 

12 ( 19 ) , 13 (18 ) , 16 - tetraen- 10-ylcarbamoyl ) hexanoic 

acid t-butyl ester, MS: 484 (M+H)*; 
{3R, lOS) •2-methoxycarbonyl-5-inethyl-3- (9-oxo-l, 8*diaza- 

tricyclo[10.6.1.0>^"]nonadeca-12(19) ,13(18) ,14,16- 

tetraen-io-ylcarbamoyl) hexanoic acid benzyl ester, 

MS: 590 (M^R)^; 

(3i2, 105) -4-cyclppentyl-3* (9-oxo-l , 8-diazatricyclo [10 . 6 .1 . O**-**] nonadeca- 
12(19) ,13<18} ,14,l6-tetraen-l0-ylcarbainoyl)butanoic acid t-butyl 
eater; 

{3R, IQS) -4-cyclopentyl-3- {9-oxo-l , 8-diazatricyclo [10 . 6 . 1 * O"-"] nonadeca- 

12 (19) ,13 (18) , 14,16-tetraen-10-ylcarbamoyl)butanoic acid methyl 

ester; MS: 496 (M+H)*; 
(312,105) -4-cyclopropyl-3- { 9-oxo-l, 8 -diazatricyclot 10, 6.1. 0'^^Jnonadeca- 

12 (19) , 13 (18) , 14, l6-tetraen-l0-ylcarbamoyl)butanoic acid t-butyl 

ester; 

{2R. 95) -4-cyclobutyl-3- (8-oxo-l, 7-diazatricyclo [9 . 6.1. o"**^] octadeca- 
11 (18) , 12 (17) , 13 , l5-tetraen-9-ylcarbamoyl)butanoic acid ethyl 
eater; 

(3Je, 95) -6-pyridin-4-yl-3- (8-oxo-l , 7-diazat;ricyclo [9.6.1. 0"-"] octadeca- 
11(18) ,12 (17) ,i3,l5-tetraen-9-ylcarbamoyl)hexanoic acid ethyl 
ester; 

(3J?, 95) -5- (4-chlorophenoxy) -3- ( 8-oxo-l, 7-diazatricyclo - 

[9.6.1. 0"*"] octadeca-11 (18) , 12 (17) , 13 , 15-tetraen-9-yl- 

carbamoyDpentanoic acid ethyl ester; 
(311, 105) - 5-methyl-3- (9-oxo-l, 8- diazatricyclo- [10.6.1. o"-"] nonadeca- 

12(19) ,13(18) ,14, 16-tetraen-lO-yl-carbainoyl) hexanoic acid t-butyl 

ester; 

(3ft, 105) -5-methyl-3- (9-oxo-l, 8- diazatricyclo- [10 .6 . 1. 0"•"]nonadeca- 
12(19) ,13(18) ,l4,16-tetraen-10-yl-carbainoyl)hexanoic acid ethyl 
ester; 

(3R, 105) -5 -methyl -3- (9-oxo-l, 8 -diazatricyclo- (10 . 6 . 1 . o"*"] nonadeca- 

12(19) ,13(18) ,14, 16-tetraen-iO-yl-carbamoyl) hexanoic acid isppropyl 
ester; 

(3R,105) -5-methyl-3- (15-£luoro-9-oxo-l, 8 -diazatricyclo - 
[10 . 6 . 1 . o"*"] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen- 
lO-ylcarbamoyl) hexanoic acid ethyl ester; 

(312,105) -4-cyclopentyl-3- (l5-fluoro-9-oxo-l,8-diazatricyclo- 
[10 . 6 . 1 . 0"*>*] nonadeea-12 (19) , 13 (18) , 14 , 16- tetraen- 
10-ylcarbamoyl)butanoic acid ethyl ester; 

(312,105) -5-methyl-3- (9-oxo-l, e-diazatricyclo- (10. 6.1.0""] nonadeca- 
12 (19) ,13 (18) ,14,16- tetraen-10-yl-carbainoyl) hexanoic acid t-butyl 
ester ; and 
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(3A,10S) -4-cyclopentyl-3- (15-£Iuor -9*oxo-l, S-diazatricyclo- 
ElO . 6 . 1 . 0^"] nonadeca-12 (19) , 13 (18) , 14 , i6-tetraen- 
lO-ylcarbamoyDbutanoic acid isoprppyl eater. 

Similarly, the following conqpound was prepared: 
(3J25, 105) -N-benzyloxy*N-formyl-5-inethyl-3- (9-oxo-l, 8-diaza- 
tr icyclo [10.6.1. 0^"] nonadeca-12 ( 19 } , 13 ( 18 ) , 14 , 16 - 
tetraen-lO-ylcarbamoyl) hexylamine . 

D. Alternatively the following methyl eaters may be prepared from 
the corresponding t-butyl ester under the conditions as described in 
Example 56: 

iZR, 95) -4-cyclobutyl-3- (e-oxo-1, T-diaxatricyclo [9.6 .1.0^"] octadeca- 
11 (18) , 12 (17) , 13 , l5-tetraen-9-ylcarbamoyl)butanoic acid methyl 
ester; 

(3R, 95) -5- (4-chlorophenoxy) -3- (8-oxo-l, 7-diazatricyclo- 

[9.6.1. 0"-"] octadeca-ll (18) , 12 (17) , 13 , 15-tetracn-9-yl- 
carbamoyl )pentanoic acid methyl ester; and 

(3J?,105) -5-methyl-3- (9-oxo-l,8-diazatricyclo- [10.6.1, 0"'"J nonadeca- 
12 (19) , 13 (18) , 14, 16-tetraen-10-yl-carbamoyl)hexanoic acid methyl 
ester. 

E, Alternatively, to (2J2) •4-methyl-2- (c-butoxy- 
carbonylmethyDpentanoic acid (Ig, 4.34 mnol) in dry THP (100 mL) at -78»C 
\mder argon was added NaNCtHS)} (l.ON in THF, 10.9 mL, 2.5 eq) dropwise and 
the mixture was stirred for 1 hour. lodomethane (0.33 mL, 1.2 eq) was 
added and the resulting mixture was stirred overnight from -78®C to room 
temperature. The next day the reaction was quenched with water (100 mL) . 
After extracting with ether (3x100 mL) , the aqueous layer was combined with 
ethyl acetate and with stirring was added 4N HCl to pH-2. Sodium chloride 
was also added to saturation and the aqueous layer was extracted with ethyl 
acetate (3x100 mL) . The combined organic extracts were dried over Na}S04, 
filtered and concentrated to give (2A) -4-methyl-2- ( (l-methyl-l-t-butoxy- 
carlsonyDmethyDpentanoic acid as a dar)c brown oil (l g) . To this crude 
reaction product (500 mg) and (105) *lO-amino- (9-oxo-l, 8-diaza- 
tricyclo[10.6,l. O"'»]nonadeca-12 (19) ,13 (18) ,14,16-tetraenc (399 mg, 0.7 eq) 
in dry DMP at O^C under argon was added HOBt-H^ (i.i eq, 234 mg) , followed 
by EDCI (663 mg, 2.5 eq) . The resulting mixture ms stirred overnight from 
0«C to room tenperatiire. Most of the VMP was removed by pump distillation 
at 65<*C. Then, the residue was partitioned between CRjClj (150 mL) . After 
washing with 0.5N HCl (2x75 mL) , saturated MaHCO, (2x75 mL) and brine (1x75 
mL) , the organic layer was dried over Na2S04, filtered and evaporated to 
dryness. The crude material was purified by flash column chromatography on 
silica eluting with 30% ethyl acetate in petrolew ether to yield a mixture 
of three confounds, the two individual stereoisomers of (3K, 105) -2 -methyl- 
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5-inethyl-3- (9-oxo-l, 8-diaza-tricyclo- [10.6.1.0"'^Mnonadeca-l2(l9) «13(X8) , 
I4,16-tetraen-10-ylcarbainoyl)hexajiolc acid t-butyl eater and (3A, lOS)-5- 
methyl-3- (9-oxo-l,8-dia2a-tricyclo- tl0,6.l.0»-"]nonadaca-12 (19) ,13 (18) , 
I4^l6-tetraen-i0-ylcarbaiiioyl)hexazioic acid t-butyl eater. Further 
purification provided separation of the three compounds; (3K, 105) -5-methyl- 
3- (9-oxo-l,8-dia2atricyclo- [10. 6 .1.0^"]nonadeca-12 (19) ,13 (18) ,14,16- 
tetraen-lO-ylcarbamoyDhexanoic acid t-butyl ester (13 mg) as a white 
solid; 1:1 mixture of the stereoisomers (5 mg) as a tfhite solid; and the 
less polar stereoisomer of (3R,10S)-2-methyl-5-methyl-3- (9-oxo-l,8-diaza- 
tricyclo- [10.6 .1.0»'"lnonadeca-12 (19) ,13 (18) ,14,16-tetraen-lO-ylcarbamoyl) 
hexanoic acid t-butyl ester (15 mg) ; 300 MHz >H NMR in CDCLi (less polar 
diastereomer) : 6 (-0.2) - (-0.05) (m, IH) ; 0.5-0.7 (m, IH) ; 0.9 (dd, J-4 Hz, 
J«6.7 Hz, 6H); 1.15 (d, J-8.4 Hz, 3H) ; 1,18-1.4 (ra, 3H) ; 1.41 (s, 9H) ; 
1.45-1.73 (m, 4H); 1.75-1.8 (m, 2H) ; 2,5-2.7 (m, 3H) ; 2.89 (dd, J-10.9 Hz, 
J-15 Hz, IH); 3.34-3.5 (m, 2H) ; 3.95-4.1 (m, IH) ; 4.25-4.4 (m, IH) ; 4.72- 
4,82 (m, IH); S. 22-5. 3 (m, IH) ; 6.52 (d, J»7,5 Hz, IH) ; 6.91 (a, IH) ; 7.13 
(dd, J.6.7 Hz, J.8-4 Hz, IH) ; 7.22 (dd, J«5 Hz, J-7.1 Hz, IH) ; 7.34 (d, 
J-6.4 Hz, IH) ; 7.84 (d, J-8.4 Hz, IH) . 

Bxaq^le 6 

Compounds of formula (lb) 

A. The less polar stereoismer of (115) -5*methyl-3- (lO-oxo-1, 9- 
diazatricyclo tll.6 .l.O'*'*] eico8a-13 (20) , 14 (19) , 15, 17-tetraen-ll.yl- 
carbamoyl)hexanoic acid t-butyl ester (300 mg) was covered with 5 mL of a 
10% trifluoroacetic acid/methylene chloride solution and left to stir. 
After 2.5 hours, TLC indicated that the reaction was conplete. All 
volatiles vrere removed under reduced pressure. The residue was ta)cen up in 
CH2CI2 (40 mL) and transferred to separatory funnel and washed consecutively 
With 0.5% HCl (40 mL) and brine (40 mL) . The organic phase was dried 
(HgS04) , filtered and concentrated to provide the less polar stereoisomer 
of (115) -S-methyl-3- (lO-oxo-1, 9-diazatricyclo [11. 6 . 1. o"*»] eicosa- 

13(20) ,14(19) ,15, 17-tetraen-ii-ylcarbamoyl) hexanoic acid. 

B. In a similar manner, the more polar stereoisomer of (115) -5- 
methyl-3- (lO-oxo-1, 9-diazatrieyclo[11.6.1.0»*''»]eicosa-13 (20) ,14 (19) , 15,17- 
tetraen-ll-ylcarbamoyl) hexanoic acid t-butyl ester was hydrolyzed to yield 
the more polar stereoisomer of (115) -5-methyl-3- (10-oxo-l, 9-diazatricyclo- 
tll . 6 . 1 . 0'*''] eicosa-13 (20) , 14 (19) , 15, 17 -tetraen-ll-ylcarbamoyl) hexanoic 
acid. 

C. Alternatively, (3Jl, 105) -5-methyl-3- (9-oxo-l, 8-diazatricyclo- 
[10 .6 .1. 0***"]nonadeca-12 (19) ,13 (18) ,14, 16-tetraen-lO-ylcarbaraoyl) hexanoic 
acid t-butyl ester (3.24 g, 6,5 mraol) was taken up in 95% TPA (aqueous) (30 
mL) at 0»C and then stirred for 20 minutes. The ice bath was then removed 
and the mixture was stirred for another 1 hour. After c ncentrating it to 
an oil, the residue was taken up in ethyl acetate (250 mL) and washed with 
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water (7x150 mL) . The organic layer was dri d over Na2S04. filtered and 
evaporated to dryness t yield a single stereoisomer of (312,105) -S-methyl- 
3- <9-oxo-l,8-diaza-tricyclotl0.6,l,0»^"]nonadeca-12(19) .13 (18) ,14, 16- 
tetraen-lO-ylcarbamoyDhexanoic acid as a white po*fder, 2. 83 g (98.4% 
5 yield); MS: 442 (M-i^H) 

D. In a similar manner, but replacing (312,105) -5-methyl-3* (9-oxo- 
l,8-diazatricyclo[l0.6.l.0'^*'*]nonadeca-12 (19) ,13 (18) , 14, le-tetraen-lO- 
ylcarbarooyDhexanoic acid t-butyl ester with the appropriate conipound of 
formula (la) , the following compounds of formula (lb) were prepared: 
10 (312, 105) -4-phenyl-3- (9-oxo-l , 8-diazatricyclo IlO . 6 , 1 . 0**-"] - 

nonadeca-12 (19) ,13(18) ,14,16-tetraen-lO-ylcarbamoyl)- 
butanoic acid, MS: 474 (M-H)'; 
(312,105) -4-cyclohexyl-3- (9-oxo-l, 8-diazatricyelo[l0. 6.1.0"-"] - 

nonadeca-12 (19) ,13(18) ,14,16-tetraen-10-ylcarbamoyl)butanoic acid, 
15 MS: 482 (M-fH)^; 

( 312 , 1 05) - 3 - cyclohexyl - 3- (9-oxo-l,e -diazatricyclo (10.6.1. 0>*-") - 

nonadeca-12 (19) ,13 (IB) ,14, 16-tetraen-lO-ylcarbamoyl) propanoic acid, 
MS: 468 (M4>H)^,' 

(312, 105) -6 -phenyl -3- (9-oxo-l, 8 -diazatricyclo [10 . 6 . 1 . O*'"] nonadeca- 
20 ^ 12(19) ,13(18) ,14, 16-tetraen-10-ylcarbamoyl)hexuoic acid, 

MS: 502 (M-H)-; 

(312, 105) -3- (9-oxo-l, 8-diaza-tricyclo [10. 6,1. 0"*"] nonadeca-12 (19) , 13 (IB) , 

14,16-tetraen-10-ylcarbamoyl)hexanoic acid, MS: 426 (M-H)'; 
(312,105)-2-amino-5-methyl-3- (9-oxo-l, 8 -diazatricyclo (10.6 .l.O"-"] 
25 nonadeca-12 (19) ,13(18) ,14,l6-tetraen-10-ylcarbamoyl)hexanoic acid, 

MS: 457 (M+H)+; 

(312,105)-2-hydrpxy-5-methyl-3-(9TOXO-l,8-diazatricyclo[10.6.l.0"-"] - 

nonadeca-12 (19) , 13 (18) , 14 , l6-tetraen-l0-ylcarbamoyl)hexanoic acid, 
MS: 458 (M-i^H)^; 

30 (312, 105) -2-aminomethyl-5-methyl-3- (9-oxo-l , 8-diazatricyclo [10 . 6 . 1 . 0"-"] - 

nonadeca-12 (19) ,13(18) , 14,16 -tetraen- 10 -ylcarbamoyDhexanoic acid; 
(312, 105) - 5-methyl-3- (15-methoxy- 9-oxo-l, 8-diazatricyclo [10 . 6 . l . o""] - 

nonadeca-12 (19) , 13 (18) , 14, 16 -tetraen- 10 -ylcarbamoyDhexanoic acid; 
( 312 , 1 0 5) - 2 -methyl - S -methyl - 3 - { 9 - oxo -1,8- diazatricyclo [10.6,1. 0** "] - 
35 nonadeca-12 (19) , 13 (18) , 14, 16 -tetraen- 10 -ylcarbamoyDhexanoic acid; 

(3R, 105) -2-carboxy-5-methyl-3- (9-oxo-l, 8-diazatricyclo [10 . 6 . 1 . o'^"] - 

nonadeca-12 (19) , 13 (18) , 14, 16 -tetraen- 10 -ylcarbamoyDhexanoic acid; 
{2R, 95) -5-methyl-3- ( 8 -oxo- 1, 7 -diazatricyclo [9.6 .1. 0"-"] octadeca- 
11(18) ,12(17) ,13, 15 -tetraen- 9 -ylcarbamoyDhexanoic acid; 
40 (312,105) -4-cyclopentyl-3- (9-oxo-l, 6 - dia zatr i cyclo [ 10. 6 .1. 0 "*"] nonadeca- 

12 (19) , 13 (16) , 14, 16 -tetraen- 10 -ylcarbamoyDbutanoic acid; MS: 509; 
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(3A, 105) -3-cyclopenCyl-3- (9-oxo-l, 8-dlazatricyclo(l0.6 .1. O^'Mnonadeca- 
Udd) ,13 (18) ,l4,l6-tetraen-l0-ylcarbainoyl)proplonic acid; MS: 454; 

{3R, lOS) -3-cyclopropyl-3- (9-oxo-l, 8-diazatricyclo[l0. 6 .1. o"•"]nonadeca- 
12 (19) ,13 (IB) ,l4,l6-tetraen-l0-ylcarbainoyl)butanoic acid; MS: 439; 

(3K,10S) -6- (biphenyl-4-yl) -3- (9-oxo-l,8-dia2atricyclo- [lO.e.l.O'**"] - 

nonadecal2(19),13(18),14,16-tetraen-l0-ylcarbainoyl)hexanoic acid; 
MS: 579; and 

(3R, lOS) -3- (9-oxo-l , 8-diazatricyclo [10 . 6 . l , o"-"] noxiadeca- 

12(19) , 13 (18) «14,16*tetraen-10-ylcarbainoyl) -5- (thiophen-2- 
yDpentanoic acid, MS: 496.3 (M+H)'*'. 
Similarly prepared is: 

{3R, lOff) -4-cyclopropyl-3- (9-oxo-l , 8-diazatricyclo [10 . 6 , l . o"-"] nonadeca- 
12 (19) « 13 (18) ,14, 16-tetraen-10-ylcarbainoyl)butanoic acid; 

(311. 9S) -4-cyclobutyl-3- (8-oxo-l,7.diazatricyclo[9.6.1.0"-"] octadeca- 
11(18) ,12(17) ,13,15-tetraen-9-ylcarbamoyl)butanoic acid; 

{2R,9S) -4-(3-inethoxy-4,5(RS)-dihydro-isoxazol-5-yl)-3- (8-0x0-1,7. 

diazatricyclo[9.6.l.0"-'^loctadeca-ll(i8) ,12 (17) ,13, l5-tetraen- 
9•ylcarbamoyl)butanoic acid; 

(3K, 9S) -4- (3.hydroxy.4 , 5 (RS) -dihydro-iaoxazol-S-yl) -3- (8-0x0-1, 7- 

diazatricyclo (9,6.1. 0"*"] octadeca-ll (18) , 12 (17) , 13 , 15- tetraen- 
9-ylcarbainoyl)butanoic acid; 

(3R, 9S) -4- (3-bromo-4, 5 (RS) -dihydro-isoxazol-5*yl) -3- (8-oxo-l, 7- 

diazatricyclo [9.6.1. o"-"! octadeca- 11 ( 18 ) , 12 (17 ) , 13 , 15 - tetraen- 
9-ylcarbamoyl)butanoic acid; 

{2R, 9S) -5- (4-chlorophenoxy) -3- (8-oxo-l, 7-diazatricyclo [9.6 .1. o"-"] octadeca- 
ll (18) ,12 (17) ,13, 15- tetraen- 9-ylcarbamoyl)pentanoic acid; 

( 3 J2 , 9 S) - 5 -methoxy- 3 - ( 8 -oxo- 1 , 7 -diazatricyclo (9.6.1. o"-"] octadeca- 
ll (16) ,12 (17) ,l3,15-tetraen-9-ylcarbamoyl)pentanoic acid; 

{ 3Je, 9S) - 6 -metboxy- 3 - ( 8 -0x0- 1 , 7 -diazatricyclo [9.6.1. 0*''"J octadeca- 
ll (18) , 12 (17) ,l3,l5-tetraen-9-ylcarbafnoyl)bexanoic acid; 

{2R, 9S) -7-phenyl-3- (8-oxo-l,7-diazatricyclo[9.6.l,o"'"l octadeca- 
11(18) ,12(17) ,i3«15-tetraen-9-yIcarbainoyl)heptanoic acid; 

(3R, lOS) - 3- ( 15 -fluoro- 9-0x0- 1 , 8-diazatricyclo [10 . 6 . 1 . 0"*"1 nonadeca- 

11(19) ,12 (18) « 14,16-tetraen-iO-ylcarbamoyl) -5-mechyl-hexanoic acid; 

{3R, lOS) -5-phenyl-3- (9-oxo-l, 8-diazatricyclo [10.6 .1 . o""] noaadeca- 
11 (19) ,12 (18) , 14, 16 -tetraen- lO-yl carbamoyl) -pentanoic acid; 

( 3 A , 1 05) - 3 -cyclobexyl - 3 - ( 9 -oxo- 1 , 8 -diazatricyclo [10.6.1. O***'*) nonadeca- 
11(19) ,12(18) ,l4,l6-tetraen-10-yl)-Buccinamic acid; 

(311,105) -3-cyclopentyl-3- ( 9 -0x0- 1,8 -diazatricyclo [10. 6. 1.0"*"]nonadeca- 
11(19) ,12(18) ,14, 16-tetraen-10-yl)-8uccinamic acid; 

(311, 105) -3- (9-oxo-l, 8-diazatricyclo IlO . 6 . 1 . O**-"] nonadeca- 

11(19) ,12(18) ,14,16-tetraen-10-ylcarbamoyl)-5-methylhex-5-enoic acid; 

(3J?, 105) -2 (R) -aminomethyl-3- (9-oxo-l , 8-diazatricyclo (10 . 6 . i . O"-"] nonadeca- 
11(19) ,12 (18) ,14,16-tetraen-lO-ylcarbamoyl) -5 -methyl -hexanoic acid; 
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(3R,10S)-3-(15-bcn2yloxy-9-oxo-l,8-dia2atricycl tl0.6.1.0"-"]n nadeca- 

11(19) ,12 (18) ,14«16*tetraen-10-ylcarbainoyl) -5-methyl-hexaxioic acid; 
iZR, ICS) -3- (l5-hydroxy-9*oxo*l, 8-diazatrlcyclo [10 .6 . i. o"-"] nonadeca- 

11(19) ,12 (18) ,14,16-tetraen-lO-ylcarbamoyl) -5 -methyl -haxanoic acid; 
( 3R, 105) - 3 - ( 9-oxo-l , 8 -diazatricyclo [10.6.1. 0*^"] nomadeca- 

11(19) ,12 (18) ,14«16-tetraen-l0-ylcarbamoyl)octanoic acid; 
( 3R , lOS) - 3 - ( 9 - oxo- 1 , 8 -diazatricyclo [10,6.1. o"-") nonadeca- 

11(19) ,12 (18) ,14,16-tetraen-lO-ylcarbaniQyl) *7-hydroxyheptanoic acid; 
{2R, lOS) -3* (9-oxo*l, 8 -diazatricyclo [10 .6 . i . 0*^"] nonadeca- 

11(19) ,12 (18) ,14,16-tetraen-10-ylcai^>aiiiayl) -7-benzyloxyheptanoic 

acid; 

(3J2, lOS) -4- (3-thiophenyl) -3- (9-oxo-l, 8 -diazatricyclo (10 . 6 , 1 , 0" "] nonadeca- 

11 (19) , 12 (18) , 14 , 16-tetraen-lO-ylcarbanioyl) -butanoic acid; 
(312, 105) -6-trif luoromethyl-3- (9-oxo-l, 8-diazatricyclo [10 . 6 . l . O"-"] nonadeca- 

11(19) ,12 (18) ,14,16-tetraen-lO-ylcarbaiaoyl) -hexanoic acid; 
(3R, 105) - 5- (2-thiophenyl) - 3- (9-oxo-l, 8-diazatricyclo (10 . 6 . 1 . 0""1 nonadeca- 

11 (19) , 12 (18) , 14 , 16-tetraen-lO-ylcarbainoyl) -pentanoic acid; 
(3Je, 105) -7- (4-biphenyloxy) -3- < 9-oxo-l, 8-diazatricyclo (10.6 .1. 0"*"] nonadeca- 

11 (19) , 12 (18) , 14, 16-tetraen-lO-ylcarbainoyl) -heptanoic acid; 
( 2R, 105) - 7 -phenoxy- 3 - ( 9-oxo-l , 8 -diazatricyclo (10 . 6 . 1 . O**-"] nonadeca- 

11(19) ,12(18) ,14, 16-tetraen-lO-ylcarbfluioyl) -heptanoic acid; 
(3R,105)-4- (3-furanyl)-3- (9 -oxo- 1,8 -diazatricyclo [10. 6.1.0 "-"Inonadeca- 

11(19) , 12 (18) , 14, 16-tetraen-lO-ylcarbaiiioyl) -butanoic acid; 
(3JZ,l05)-6-(3 -pyridyl ) - 3 - ( 9 -oxo- 1,8- diazatricyclo (10 . 6 . 1 . 0**-"] nonadeca- 

11(19) ,12 (18), 14, 16-tetraen-lO-ylcarbainoyl) -hexanoic acid; 
(31?, 105) - 6- (4 -pyridyl) - 3- (9-oxo-l, 8-diazatricyclo [10 .6 . l. o""Jnonadeca- 

11(19) , 12 (18) , 14, 16-tetraen-l6-ylcarbamoyl) -hexanoic acid; 
(311,105) -3- (4-phenylimidazol-l-yl) -3- (9-oxo-l, 8 -diazatricyclo- 

[10 . 6 .1.0'*-") nonadeca-11 (19) , 12 (18) , 14 , 16-tetracn-lO-yl) - succinic 

acid; 

(312,105) -4-cyclobutyl-3- (9-oxo-l, 8 -diazatricyclo- 

[10 . 6 . 1 . 0^"] nonadeca^ll (19) , 12 (IB) , 14 , 16-tetraen-lO-ylcarbainoyl) - 

butanoic acid; and 
(312, 105) -4-benzyloxy-3- (9-oxo-l, 8-diazatricyelo- 

[10 . 6 . 1 . 0'^^*] nonadeca-11 (19) , 12 (18 ) , 14 , 16-tetraen-lO-ylcarbamoyl) - 

butanoic acid. 

B . (312, 105) - 5-Methyl-3- ( 9-oxo-l , 8 -diazatricyclo [10.6.1. 0»^"] - 
nonadeca-12 (19) ,13(18) ,14, 16-tetraen-lO-ylcarbamoyl) hexanoic acid (183 tng) 
was taken up in 40 mL of dry CB^l] and at 0«C ethanol (0.5 mL, 5 eq) was 
added followed by J\r,lir-dimethylaRiinopyridine (0.1 eq, 5 ng) and finally EDCI 
(209 mg, 5 eq) . The resxilting solution was stirred from 0«C to room 
temperature overnight. Additional cafil^ (100 mL) was added and the mixture 
was washed with 0.5N HCl (2 x 50 mL) , saturated NaHCO, (2 x 50 nOi) and 
finally with brine (1 x 50 mL) . The rganic layer was dried ver Ha^O^, 
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filtered and evaporated to dryness. Recrystallizati n from ethyl acetate 
and petroleum ether gave 105)-5-Methyl-3- (9*oxo-l,8-diaza- 
tricyclo [10.6.1* o"*'*] nonadeca-12 ( 19) , 13 (18 ) , 14 , 16- tetraen- 
10-ylcarbamoyl)hexanoic acid ethyl ester as a white solid (Yield: 108 mg, 
55%). MS: 470 

Similarly prepared was (312,105) -4-cyclopentyl -3- (9-oxo- 1,8- 
diazatricyclo [10.6.1.0^") nonadeca - 12 ( 19 ) , 13 ( 18 } , 14 , 16 - tetraen- 
10-ylcarbamoyl)butanoic acid ethyl ester; HS: 496 (M-fH)^; 
(311, 95) -S- (4-chloro-phenoxy) -3- (8-oxo-l, 7- 

diazatricyclo[9.6.l.0"'"]octadeca-ll(18) ,12(17) ,l3,l5-tetraen- 
9-ylcarbamoyl)pentanoic acid diethylcarbamoylmethyl ester ; 
(311, 105) -5-methyl-3-(9-oxo-l,8-diazatricyclo (10. 6.1.0'*'"] nonadeca- 
12 (19) ,13(18) ,14, 16-tetraen-10-ylcarbamoyl)hexanoic acid indaa-5-yl 
ester; 

(3ie, 105) -5-methyl-3- ( 9 -oxo-1, 8 -diazatricyclo (10 .6 . 1 . 0"*"l nonadeca- 
12 (19) , 13 (IB) , 14, 16- tetraen-10-ylcarbamoyl)hexanoic acid 
morpholinylethyl ester; 
(312, 105) - 5-methyl-3- |9-oxo-l, 8 -diazatricyclo [10 . 6 . 1 . o"-"] nonadeca- 
12 (19) , 13 (18) , 14,16 -tetraen-lO-ylcarbamoyl)hexanoic acid (l-methyl-4- 
piperidine ester, HS: 539.51 (N-fS'*') ; axid 
(311,105) -5-methyl-3-<9-oxo-l,8-diazatricyclo[10. 6.1.0"'"] nonadeca- 
12 (19) , 13 (18) , 14, 16- tetraen- 10- ylcarbamoyDhexanoic acid (l-methyl-3- 
piperidinylmethyl ester. 

F. Alternatively, the less polar stereoisomer of (312,105)- 
2-methyl-5-methyl-3- (9-oxo-l,8-diazatricyclo- [10. 6.1. 0>^"] nonadeca- 
12 (19) , 13 (18) « 14, l6-tetraen-10-ylcarbamoyl)hexanoic acid t-butyl ester 
prepared in Example SO above (15 mg) was talcen up in CB^Cls (2.4 mL) and TFA 
(0.6 mL) and the resulting mixture was stirred at room temperature for 4 
hrs. The solvent was removed under reduced pressure at 35*C. Then ethyl 
acetate was added and the solution was washed with water (3 x lOmL) . The 
organic layer was dried over Na2804, filtered and evaporated to dryness. 
Recrystallization from ethyl acetate/petroleum ether gave (312,105)- 
2 -methyl - 5 -methyl - 3 - ( 9-oxo- 1 , 8 -diazatricyclo [10.6.1. 0"*"] nonadeca- 
12 (19) ,13 (18) , 14, 16 -tetraen- 10 -ylcar]3amoyl)hexanoic acid as a white solid 
(7 mg) , MS: 456.3 (M+H)*. 

Q. In a similar manner, the 1:1 mixture of stereoisomers of 
(312, 105) -2-methyl-5-methyl-3- ( 9 -oxo-1 , 8 -diazatricyclo (10 . 6 . 1 . 0"*"] - 
nonadeca-12 (19) ,13 (18), 14, l6-tetraen-10-ylcarbamoyl)hexanoic acid t-lwxtyl 
ester (prepared in Example 5D above) (5 mg) was hydrolyzed to yield 3 mg of 
a white solid; 300 MHz 'H NMR in CDCI3: 6 (-0.5) - (-0.3) (m, IH) ; 0.6-0.8 (m, 
IH); 0.8-1.05 (m, 6H); 1.05-1.22 (m, 2H) ; 1.35 (3H, dd, J-9 Hz); 1.4-1.7 
(m, 3H); 1.7-1.95 (m, 3H) ; 2.3-2.48 (m, IH) ; 2.54-2.73 (m, IH) ; 2.8-3.0 (m, 
2H); 3.38-3.5 (m, IH) ; 3.52-3.72 (m, IH) ; 3.8-3.98 (m, IH) ; 4.34-4.45 (m, 
IH); 4.7-4.84 {m, IH) ; 5.0-5.08 (m, IH) ; 6.8 (d, IH) ; 7.15-7.25 (m, IH) ; 
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7*25-7.32 (m, IB); 7.35 (d, J-8.4 Hz, XH) ; 7.88 (d, J-8.4 Hz). 

H. Alternatively, {3R, lOS) -2-methoxycarbonyl-5-inethyl-3- (9«oxo- 
1,8- diazatricyclo [10.6.1. 0^"] nonadeca- 12 ( 19 ) , 13 ( 18 ) , 14 , 16 - tetraen- 10 - 
ylcarbanoyDhexanoic acid benzyl ester was taken up in ethanol (35 mL, some 
heating was required) and anmonium formate 1642 mg, 3 eq) was added 
followed by 10% Pd on activated, charcoal (100 ng) . After stirring under 
argon at room temperature for 3 hrs. the reaction was complete. The 
mixture was suction-filtered through a 1 cm bed of celite, then it was 
concentrated, HeOB was added and it was filtered through a plug of cotton. 
After concentrating, CB^l] was added to the residue and it was stirred 
vigorously and then filtered. The filtrate was concentrated and 
recrystallized from ethyl acetate/pet. ether to give (3Jl«iOS)-2- 
methoxycarbonyl-5-mcthyl-3- (9-oxo-l, 8-diazatricyclo 110,6 . 1, 0"^"] nonadeca- 
12(19) ,13(18) ,14, l6-tetraen-l0-ylcarbamoyl)hexanoic acid as a white solid 
(yield: 140 mg) , MS: 500.3 (M<fH)*. 

I. (3ie,10S) -2-Methoxycarbonyl-5-methyl-3- (9-oxo-l, 8-diaza- 
tricyclo (10 . 6 . 1 . 0**-") nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-l0-ylcari>amoyl) 
hexanoic acid was taken up in ethanol (25 mL) and then 1 N LiOH (0.3 mL, 3 
eq) was added dropwise. The resulting homogeneous solution was stirred at 
room temperature for 3 hrs. Most of the ethanol was removed under reduced 
pressure at 30»C. Then water (5 mL) and ethyl acetate (30 mL) was added 
and with stirring, 4 N HCl was added until pH«2. The ethyl acetate layer 
was fvurther washed with brine, dried over Na2S04, filtered and evaporated to 
dryness. Purified by reverse phase HPLC to give 47 119 of (3A,l05)-2- 
carboxy-5-methyl.3- (9-oxo-l, 8-diazatricyclo[10. 6. 1.0»'"lnonadeca-12 (19) , 
13(18) ,14, 16-tetraen-lO-ylcarbamoyl) hexanoic acid, as a white solid, 

MS: 484.5 (M-H)\ 

BxaapXe 7 

A. The mixture of dibenzylfumarate (5.3g, 0.018 mol) and 4- 
biphenyl-4-yl-iH-imidazole (3.94g, 0.018 mol) was heated at 110-115«C for 4 
hours. The mixture was then taken up in ether and washed with 0.05% KCl, 
O.OIN NaOH and brine, and dried. After removal of ether, the crude product 
obtained was purified by column chromagraphy (60% EtOAc/hexanes) to give 
5,75 g of 2- (4-biphenyl-4-yl-imidazol-l-yl) succinic acid dibenzyl ester, 
MS: 517.3 (M+H)*. 

In a similar manner, the following compounds mre prepared: 
2- (4-phenylimidazol-l-yl) succinic acid dibenzyl ester; 
2- (4- (4-methoxyphenyl) -imidazol-l-yl) succinic acid dibenzyl ester; and 
2- (4- (4-phenoxyphenyl)-imidazol-l-yl) succinic acid dibenzyl ester. 

B. A suspension of 2- (4-biphenyl-4-yl-imidazol-l-yl) succinic acid 
dibenzyl ester (551 mg) in 10 mL of Hp was refluxed vemight, and co led 
to room temperatxire . The aqueous layer was removed and the remaining 
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solldfl were dried on a lyophilizer t give 2- (4-biphenyl-4-yl) ^^imidaz 1-1- 
ylsuccixLic acid 4-benzyl ester (437 ng) , MS: 426 (M^) . 

In a similar manner, the follo%rin9 compounds were prepared: 
2- (4-phenyl-imidazol-l-yl) succinic acid 4-benzyl ester; 
2- (4- (4-methaxyphenyl) -imidazol-l-yl) succinic acid 4-benzyl ester; and 
2- (4- (4-phenoxyphenyl) -imidazol-l-yl) succinic acid 4-benzyl ester. 

C. A mixtxire o£ 2- {4 -biphenyl -4 -yl- imidazol-l-yl) succinic acid 4- 
Isenzyl ester (450 mg, 1.05 mmol) , (lOS) -l0-amino-9-oxo-l,8-dia^a- 
tricyclo[l0.6.l.0*'•"]nonadeca-12(19) ,13(18) ,14,16-tetraene (284mg, 0.95 
Trnnol), EDCI (302 mg, 1.5 ninol) , HOBT (142 mg, 1.05 nmol) , N- 
methylmorpholine (0.14 mL) and rmP (50mg) in DMF (lOmL) was stirred at 
room temperature overnight. The solution ras diluted with lOOmL o£ BtOAc 
and washed with brine and saturated NaHCPi and dried. The crude product 
obtained after removal of solvents was piirif ied by column chromagraphy to 
give (3RS,10S) -3- (4-biphenyl-4-yl-imidazol-l-yl) -N- (9-oxo-l, 8-diaza- 
tricyclo {10 .6.1. 0^"] nonadeca-12 (19) , 13 (IB) , 14 , 16-tetraen-lO-yl-succinamic 
acid benzyl ester. 

In a similar mamner, the following compounds were prepared: 
(3RS,10S) -3- (4-phenyl-imidazol-l-yl)-M- (9-oxo-l,8-diaza- 

tricyclo [10 . 6 . 1 . 0*^"] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO-yl- 

succinamic acid benzyl ester; 
(3RS«10S) -3- (4- (4-methoxyphenyl)-imidazol-l-yl)-N- (9-oxo-l, B-diaza- 

tricyclo [10 . 6 . 1 . o"-") nonadeca- 12 (19) , 13 (18) , 14 , 16-tetraen-lO-yl- 

succinamic acid benzyl ester; and 
(3RS,10S) -3- (4- (4-phenoxyphenyl) -imidazol-l-yl) -H- (9-oxo-l, 8-diaza- 

tricyclo [10.6.1. 0'**"] nonadeca- 12 ( 19 ) , 13 ( IB ) . 14 , 16 - tetraen- 10 -yl - 

succinamic acid benzyl ester. 

D. A solution of (3RS,10S)-3-(4-biphenyl-4-yl-imidazol-l-yl)-N-(9- 
oxo-l,8-diaza-tricyclo[10. 6. 1.0*^'*] nonadeca-12 (19) ,13 (18) ,14, 16 -tetraen- 10- 
yl-succinamic acid benzyl ester (190 mg) in THF/EtOH (5/1, 20mL) was 
hydrogenated with 10% Pd/C (I70mg) for 8 hours until TLC indicated that the 
starting conqpound was consumed. The solution was filtered through a pad of 
Celite. The filtrate was evaporated and recrystallized (THF/EtOAc) to 
give 147 ms of (3RS, lOS) -3- (4-biphenyl-4-yl- imidazol-l-yl) -N- (9-oxo-l, 8- 
diaza-tricyclo [10 . 6 . 1 . 0""] nonadeca-12 (19) , 13 (IB) , 14 , 16 -tetraen- 10 -yl- 
succinamic acid, melting point: 222-226«C, MS: 604.2 (Mi-H)^. 

In a similar manner, the following compounds were prepared: 
(3RS, lOS) -3- (4 -phenyl -imidaz 1-l-yl) -N- (9-oxo-l, 8-diaza- 

tricyclo IlO . 6 . 1 . 0" "] nonadeca-12 (19) , 13 (18) , 14 , 16 - tetraen- 10 -yl- 
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succlnamic acid, meltizig point: 184-187oC, MS: 528.3 (M+H)^; 
(3RS,10S) -3- (4- (4-meth0xyphenyl) -lmidazol-1-yl) -H- (9-oxo-X,8-diaza* 
tricyclo [10 . 6 . 1 . o"-") nonadeca-12 (19) , X3 (18) , 14 , l6-tetraen-10-yl-8uccinamic 
acid; melting point: 186-190«C, MS: 558.3 (M-fH)^; 
(3RS,10S) -3- (4- (4-phenoxyphenyl) -imidazol-l-yl) -N- (9*oxo-l,8-diaza- 

tricyclo [10.6.1. 0^"] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO-yl- 

succinamic acid, MS: 620.12 (M-fH)*^; and 
(3RS, ICS) -3- <3-phenyl-pyrazol-l-yl) -N- (9-oxo-l,8-diaza- 

tricyclo [10 . 6 . l . 0^"] nonadeca-12 (19) , 13 (18) , 14 , 16 -tetraen-lO-yl- 

succinamic acid, MS: 568.4 (M+B)**^. 

Bxaaple 8 

A. The carboxylic acids prepared according to Bxanple 6 may be 
further converted to the corresponding amides by reacting the acids with 
appropriate amines in the presence of coupling agents such as EDCI and 
BOBT. These methods are well Icnown to those sJcilled in the art. 
Accordingly the following conpoiinds are prepared: 

(3RS,10S)-3- (9-oxo-l,8-diazatricyclo[10.6.1.0"'"] nonadeca-12 (19) , 
13 (18) , 14 , 16-tetraen-lO-ylcarbamoyl) 5-methylhexanamide; and 

( ZRS, lOS) - 3 - ( 9-oxo- 1 , 6 -diazatricyclo [ 10 . € . 1 . 0>^"] nonadeca- 12(19), 
13 (18) , 14, 16-tetraen-lO-ylcarbamoyl} 5-methyl-K- (N,N- 
dinethylaminoethyDhexanamide, MS: 512.49 (M*i>B)*. 

B. According to the procedure as described in United States Patent 
Ho. 4,412,994, the followixig compound is prepared: 
(3J?,l0S)-3-(9-oxo-l,8 - diazatricyclo [10.6,1. 0"^"] nonadeca-12 ( 19 ) , 

13 (18) , 14, 16-tetraen-lO-ylcarbamoyl) - 5 -methyl -N- hydroxy-N- 
morpholinylmethylhexanamide . 

Bxaa^le 9 

CoDopounds of formula (Ic) 
A. A solution of the less polar stereoisomer of (115) -5-methyl*3- 
(10-oxo-i , 9-diazatricyclo [11 . 6 . 1 . 0**>*1 eicosa-13 (20) , 14 (19) , 15 , 17-tetraen- 
ll-ylcar]»amoyl)hexanoic acid (210 mg) and S-hydrox^>enzotriazole 
monohydrate (109 rog) in anhydrous Z3NF (20 mL) under argon was cooled to O^C 
(ice ]»ath) . To this mixture was added EDCI (282 mg) and stirring was 
continued for 0.5 hours. O-benzylhydroxylamine (0.27 mL) was added to the 
solution and the reaction mixture ms left to %farm to room tenure ture 
overnight. All volatiles were removed under reduced pressure. The residue 
was taken up in CB^Cl} (100 mL) and 20% BCl (100 mL) and transferred to a 
separatory funnel. The organic phase was isolated and the aqueous phase 
washed (2x100 mL) with CB2CI3. The organic materials were then washed 
consecutively with 5% NaBCX),, brine, dried (HgS04) , filtered and 
concentrated to provide (llS) -N-benzyl xy- 5-methyl -3 - (10-oxo-l, 9-diaza- 
tricyclo 1 11. 6.1.0'*"] eicosa-13 (20) ,14(19) ,l5,17.tetraen-ll-ylcarbamoyl) 
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hexanamlde aa a crystalline product. The product ms further purified by 
column chromatography on silica gel f llowed by crystallization from hot 
ethyl acetate/CHsCli/ to provide the more polar stereoisomer of the compound 
having a melting point at 233-2330C m.p., and the less polar stereoisomer 
of the compound having a melting point at 251-253«C. 

B. Alternatively, to a solution of (3H,10S} -5-methyl-3- (9-oxo-l,8- 
dia2atricyclo [10 . 6 . 1 . 0"*"! nonadeca-12 (19) , 13 (18 ) , 14 , 16-tetraen-lO- 
ylcarbamoyDhexanoic acid (2.5 g, 5.62 mmol) , UOBVKfi (0.69 g, 1 eq.) and 
O-benzyl hydroxylamine (2.2 mL« 3 eq.) in OMF (200 roL) at O'^C ms added 
EDCI (2.77 g, 2.5 eq. ) . The resulting mixttire was then stirred overnight. 
CHF was removed by pump distillation at 65«C. To the residue was then 
added methanol (14 mL) followed by ether (140 mL) . With stirring at 0«C, 

0. 5 N BCl (140 mL) was added, followed by petroleum ether (140 mL) . The 
mixture was stirred at 0*»C for 15 minutes, then the %^te solid was suction 
filtered and subsequently washed with water (100 mL) followed by 1:1 
ether/petroleum ether (100 mL) . Drying under vacuum (PA) ^or 3 hours gave 
(3J?, 105) -W-ben2yloxy-5-methyl-3- (9-oxo-l , e-diazatricyclo [10 . 6 . 1 . 0"-"] - 
nonadeca*l2(l9) ,13(16) ,14,16-tetraen-10-ylcarbamoyl)hexanamide as a white 
solid (2.7 g, 84.9%) . 

C. In a similar manner, but replacing (3ie,105) -5^methyl-3- (9-oxo- 

1, B-diazatricyclo [10. 6 .1. 0"'"1 nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO- 
ylcarbamoyDhexanoic acid with the appropriately substituted compound of 
formula (lb) the following con^unds of formula (Ic) were prepared: 
(3R,10S) -N-benzyloxy-2-methoxycarbonyl-5-methyl-3- (9-oxo-l,8-diaza- 

tricyclo [10.6.1. o"-"] nonadeca*12 (19) , 13 (18) , 14 , 16-tetraen- 
10-ylcarbamoyl)hexanamide, MS: 605.3 (M<fH)^; 
(3J?, lOS) -N-benzyloxy-6-phenyl-3- (9-oxo-l , 8-diazatricyclo [10.6.1. 0"-"] 
nonadeca-12 (19) ,13 (18) ,14,16-tetraen-10-ylcarbamoyl)hexanamide, 
MS: 609 (M+H)+; 

(311, lOS) -N-benzyloxy-3- ( 9 -oxo-1, 8-diazatricyclo (10 . 6 . 1 . o"-") nonadeca- 
12 (19) ,13(18) ,14, 16-tetraen-10-ylcarbamoyl)hexanamide, 
MS: 533 (M+H)*. 

D. In a similar manner, but replacing O-benzyl hydroxylamine with 
2-dimethylaminoethylamine or 1 -methyl- 4 -hydroxypiperidine, the following 
derivatives of formula (Z) were prepared: 

( 311, 1 OS) - 5 -methyl - 3 - ( 9 -oxo - 1 , 8 -diazatricyclo [10.6.1. 0"*-"] nonadeca - 

12(19) ,13(18) ,14, 16-tetraen-10-ylcarbamoyl)hexanoic acid 1- (2- 
dimethylaminoetbyl) amide, MS: 512.49 (H-^R)'*^; 

(3R, lOS) -5 -methyl- 3- (9 -oxo-1, 8-diazatricyclo [10 . 6 . 1 . 0**-"] nonadeca- 
12 (19) ,13 (18) ,14,16 -tetraen- 10 -ylcarbamoyDhexanoic acid 1- 
methylpiperidin-4-yl ester, MS: 539.51 (M+H)*; 



W 9603791 



PCT/US96W1SM 



10 

Conqpounds ot focnula (Zd) 

A. To a solutioo o£ the more polar stereoisomer of (llS)-ir- 
benxyloxy-S-methyl-a- (lO-oxo-l.s-diasatricyclo- 111 . 6 . 1 . 0**'*J eicoaa- 
I3(20),i4(l9),15,l7-tetraen-ll-ylearbainoyl)hexanamide (90 ng) in 
ethanol/tetrahydrofuran (3S0 oL; 2:1) was added 10% palladium on charcoal 
(30 mg) . The material was stirred with a constant stream of hydrogen gas 
bubbling through it. After 3 hours TLC (10% (a,OH/CB,Cl,) showed the 
reaction was eoovlete. The material was filtered through a bed of celite 
{3X) and concentrated under reduced pressure to an almost dry residue. 
Methylene chloride (15 mL) was added and the material was again 
concentrated under reduced pressure until almost dried and then repeated. 
To the residue was added 3-4 drops of methanol followed by methylene 
chloride (IS mL) . The material was stirred with cooling (ice bath) and 
ether (S mL) and then hexane (3 mL) was added. A crystalline material 
slowly emerged and was collected by filtration to yield 50 mg of the more 
polar stereoisomer of (US) -W-hydroxy-5-methyl-3- (lO-oxo-l, 9-diaratricyclo- 
[11 .6 . 1. 0"^'*] eicosa.l3 (20) , 14 (19) , IS. 17-tetraen-ll-ylcarbamoyl) hexanamide, 
ra.p. 197-201«C, toJS'— 85.10 (3.5 n^/l.o mL BHSO) . 

B. In a similar manner, but replacing the more polar stereoisomer 
of (lis) -W.bensyloxy-S-methyl-3- (10-oxo-1.9-diazatricyclo- [ii.s.l.o"*-'*] - 
eicosa-l3(20). 14(19), 15, 17-tetraen-ll-ylcarbamoyl)hexanamide with the less 
polar, the less polar stereoisomer of (lifl) -ir-hydroxy-5-methyl-3- (10-oxo- 

1 . 9-dia«atrlcyclo til . 6 . l . 0*^ eicosa-l3 (20) . 14 (19) , 15. 17.tetraen-ll. 
ylcarbamoyl) hexanamide was made. m.p. 212-21««c. (erl2'..38.S« (4.7 mg/l,o 
mL CB,OR) . 

C. Alternatively. OS.IOS) -w-ben«yloxy-5-methyl-3- (9-oxo-l.8- 
diazatricyclo Iio . 6 . i . o*"] nonadeca-w (19) . 13 (18) . 14 . l6-tetraen-io- 
ylcarbamoyl) hexanamide (1.0 g. 1.83 mmol) was talcen up in a solution of 20% 
THP in ethanol (500 nO.) and then M on activated charcoal (200 mg) was 
added portionwise. The resulting slurry was stirred as H, gas was gently 
bubbled through the solution. After 4 hours, the reaction mixture was 
suction filtered through a bed of celite (1.5 cm), and the filtrate was 
concentrated and then talcen up in methanol (30 mL) and filtered through a 
plug of cotton. Recrystallization from methanol /ethyl acetate/ether/ 
petroleum ether gave (3a,l05)-J»-hydroxy.5-methyl-3- (9-oxo-l,8-diaza- 
tricyclo tlO. 6 . 1 . 0»»] nonadeea-12 (19) , 13 (18) , 14, is-tetraen-io-yl- 
carbamoyl) hexanamide (768 mg, 92%). MS: 455 (M-H)'. 

D. In a similar manner, but replacing (3«. lOS) -N-benzyloxy-S- 
methyl-3-{9-oxo-1.8-dia«atricycloI10.6.1.0'»'"Jnonadeca-12(19) .13(18), 
14,i6-tetraen-io-ylcarbamoyl)hexanamide with the appropriate compouiid of 
formula (Ic) . the following conpounds of formula (Id) were prepared: 
(3J1.10S) -W-hydroxy-2-raethoxycarbonyl.5-methyl-3- (9-oxo-l, 8-diaza- 

tricyclo (10 . e . I . 0»»] nonadeca-12 (19) . 13 (18) , 14 , 16 - tetraen- 
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10 -ylcarbamoyl ) hexanamide , MS: 515 (N+H)*; 
(3R,10S) -W-hydroxy-6-pheayl-3- <9-cao-l,8-diaz«tricycloI10,6,1.0"'"l - 
xionadeca-12 (19) ,13 (18) ,i4,16-tetraen-10-ylcarbamoyl)hexaiiamide, 
HS: 517 (M-B)'; 

(3iZ,105) -W-hydroxy-2-aininocarbonyl-5-methyl-3- (9-oxo-l,8-diazatricyclo- 

[10 . 6 . 1 . 0"-") nonadeca- 12 (19) , 13 (18) , 14 , 16- tetraen-10-ylcarbamoyl) 

hexananiide, MS: 483 (Hir*')-H|0; 
(3Je, IDS) -W-hydroxy-3- (9-oxo-l« 8-diazatricyclo- [10 . 6 - 1 - o"-"] - 

nonadeca-12 (19) ,13 (18) ,14,16-tetraen-lO-ylcarbamoyl) 

hexanamide, MS: 443 (MB*); 
(3Jl, SS) -N-hydroxy-5-inethyl-3- (8-oxo-l, 7-dla2a-tricyclo (9.6.1. 0"*"] octadeca 

11(18) ,12(17) ,13, lS-tetraen-9-ylcarbamoyl)hexanamide; and 
( 23 , 3ie , 95) -K-hydroxy- 2 -hydroxy- 5 -methyl- 3 - ( 8 -oxo- 1 , 7 -dlasa- 

tricyclo [9.6.1.0"-"] octadeca- 11 ( 18 ) , 12 ( 17 ) , 13 , IS - te traen- 9 - 

ylcarbanioyl ) hexanamlde ; 
(3Jes, lOS) -N-hydroxy-N-£ormyl-5-methyl-3- (9-oxo-l, 8-diaza- 

tricyclo (10.6.1. 0"»] nonadeca-12 (19) , 13 (18 ) , 14 , 16 - 

tetraen-10-ylcarbarooyl)hexylamine« MS: 455 (M-H)'; 
(3Je, 9S) -N-hydroxy-6-pyridin-4-yl-3- (8-oxo-l , 7-dia2a- 

trlcyclo [9 . 6 . 1 . 0"-"] octadeca-11 (18 ) , 12 (17) , 13 , 15- 

t e t raen - 9 - y 1 carbamoyl ) hexanamlde ; 
(3A,9S)-N-hydroxy-2-hydroxy-5-inethyl- (8-oxo-l,7-diaxa- 

tricyclo [9.6.1. o"-"] octadcca-ll (18) , 12 (17) , 13 , 15- 

tetraen-9-ylcarbamoyl) hexanamlde; 
(3J?,10S) -N-hydroxy-5-methyl-3- (l5-methoxy-9-oxo-l, 8-diaza- 

tricyclo [10 . 6 . 1 . 0»"] nonadeca-12 (19) , 13 (18) , 14, 16- 

tetraen-lO-ylcarbamoyl) hexanamlde ; 
(3i2,105) -N-hydroxy-2-acetyl-5-methyl-3- (9-oxo-l| 8-diaza- 

tricyclo [10 . 6 . 1 . 0*^**] nonadeca-12 (19) , 13 (18) , 14 , 16- 

tetraen-lO-ylcarbamoyl) hexanamlde; 
OR, 105) -N-hydroxy-6-phenyl-3- (9-oxo-l, 8 -diaza- 

tricyclo [10 . 6 . 1 . 0"*"] nonadeca-12 (19) , 13 (18) , 14 , 16- 

tetraen- 10 -ylcarbarooyl) hexanamlde ; 
(3R, 105) -N-hydroxy-3- (9-oxo-l , 8-diazatricyclo (10 .6.1. 0'*-"] - 

nonadaca-12 (19) , 13 (18) ,14,16- tetraen-10-ylcarbamoyl) hexanamlde; 
(3R, 105) -N-hydroxy-5-phenyl-3- (9-oxo-l, 8-diaza- 
tricyclo [10 . 6 . 1 . 0"-"] nonadeca.l2 (19) , 13 (18) , 14 , 16- 

tetraen- lO-ylcarbamoyl) pentanamide ; 
(35, lOR) -H-hydroxy-5-methyl-3- (9-oxo-l, 8-diaza- 
tricyclo [10.6.1. 0"''»J nonadeca-12 (19) , 13 (18) , 14 , 16- 

tetraen- 10 -ylcarbamoyl ) hexanamlde ; 
(3R,10iZ5} -K-hydroxy- 5-methyl-3- (9-oxo-l, 8-diaza- 
tricyclo (10 . 6 . 1 . 0»'"] nonadeea-12 (19) , 13 (18) , 14 , 16- 

tetraen-lO-ylcarbamoyl) hexanamlde ; 
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(SArlOiZS) -M-hydroxy-5-methyl-3- (15-fluoro*9-oxo-l,8-diaza<- 

tricycl [10.6.1.0*^^']nonadeca-12(19) «13 (18) , 14,16- 

t et raen - 1 0 -ylcarbamoyl ) hexanamide ; and 
(312,105) -N-hydroxy-2-aminocarbonyl-5-metliyl-3- (15-fluoro-9-oxo-l, 8-diaza- 

tricyclo [10.6.1. 0*^"] nonadeca- 12 (19 ), 13 (18) , 14 , 16- 

tetraen-lO-ylcarbamoyl ) hexanamide • 

Ixaaple 11 

Compounds o£ fozmula (le) 
A. To a solution of 4-methyl-2-acetylthlomethylpentanoic acid (612 
ng, 3 nnol), (105) -lO-amino- (9-oxo-l,8-diaza-tricyclo[10.6.1.0^"]nonadeca- 
12(l9) «13(18) ,14,16-tetraene (427 mg, 1,5 ranol) « and HOBtHp (230 mg, 1.5 
tnrool) in dry IMF (30 inL) under argon at room temperature was added EDCI 
(863 mg, 4.5 mmol) in one portion. After stirring overnight, DMF was 
removed at 30«C under high vacuum to give a yellowish semi-solid. It was 
dissolved in ethyl acetate (50 mL) , washed with IN KCl (30 mL) , 5% NaBCX>3 
solution (30 mL) and finally brine (30 mL) . The organic layer was dried 
(MgS04) and evaporated to dryness. The resulting pale yellow-oil was 
stirred in 50% ether-pet. ether (40 mli) to yield 600 mg (85%) of (105) -2- 
acetylthiomethyl-4-methyl-N- (9-oxo-l, 8*diasa-tricyclo [10 . 6 . 1 . o"*"] nonadeca- 
12(19) ,13(18) ,14, 16-tetraen-10-yl)pentanamide as 1:1 stereoisomeric 
mixture. The stereoisomeric mixture was separated in flash column 
chromatography (LPS-2), eluted with 20% ethyl acetate in pet. ether to give 
the less polar stereoisomer, m.p. 226'C, and the more polar stereoisomer, 
m.p. 220»C. 

BxaiBple 12 

Compounds of formula (If) 
A. To a solution of the less polar stereoisomer of (105) -2- 
acetylthiomethyl-4-methyl-N- (9-oxo-l , 8-diazatricyclo (10 . 6 . 1 . 0*^"] nonadeca- 
12(19) ,13(18) ,14,16- tetraen-10-yl)pentanamide (50 mg, 0.106 mmol) in 10 mL 
of methanol at 0»C under argon was added 0.5 mL concentrated HOfiU. The 
reaction mixttire was stirred from 0«C (ice-bath was removed after addition 
of NH4OH) to room tenq;>erature and fxirther stored at room temperature for 1 
hour. Excess methanol was removed under reduced pressure to give a white 
solid residue. The residue was partitioned between ethyl acetate (30 mL) 
and 0.1 NHCl (15 mL) . The organic layer was washed with brine (15 mL) , 
dried (MgS04) , and evaporated to dryness . The solid residue was stirred in 
50% ether /pet. ether and filtered to yield the more polar stereoisomer of 
(105) -2-mercaptomethyl-4-methyl-K- (9-oxo-l, 8-diazatricyclo [10 . 6 . 1 . 0"*"] - 
nonadeca-12(19) ,13(18) ,14,16-tetraen-10-yl)pentanamide as a white po%rder, 
41 mg (90%) m.p. 224«C. 
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Bxafl^ltt 13 

Coop unds £ formula (BE) 

A. To 4*niethylpentanoic acid (25 0.215 maol) in a 25«C water 
bath, thionyl chloride (20.4 inL, 1.3 g) tras slowly added. Then the mixture 
wkB heated at 50«C under argon for 3 hours (until the evolution of gas had 
stopped) . The crude reaction mixture was distilled at atmospheric pressure 
to give 4-methylpentanoyl chloride (25.3 g, 87.3%), b.p. 143*C. 

B. In a similar manner, but replacing 4-methylpentanoic acid with 
5-phenylpentanoic acid (5 g) , S-phenylpentanoyl chloride was prepared 
(4.4 g), as a colorless liquid, b.p. 91«-93«C. 

Xxanple 14 

Conqpounds of formula (N) 

A. To a suspension of 60% NaH (636 mg, 1.5 eq.) in toluene (200 
mL) at room temperature imder argon was added L- (4*)-2,l0-can^horsultam (3.0 
g, 3.9 mmol) port ion- wise . The mixture was stirred vigorously at room 
temperature for one hour. Then 4*methylpentanoyl chloride was carefully 
added drppwise to the solution at 0»C. After stirring the reaction at room 
temperature for 3 hours, the reaction was quenched with 10 mL of water, and 
70 mL of ether was added. ' The reaction mixture was first washed with 0.5K 
HCl (2x50 mL) , then 5% KfiOj (3x50 mL) and finally with brine (1x50 mL) . 
The organic layer was dried over MgS04, filtered and evaporated to dryness. 
Purification by column chromatography (1:6 ethyl acetate/petroleum ether as 
eluant) gave W-4-methylpentanoyl-L- (♦) -2, 10-caraphor sultam (3.39 g, 78%). 

B. In a similar manner, but replacing 4-methylpentanoyl chloride 
with the appropriate chloride, the following cott^tinds of formula (N) were 
prepared: 

ir-3*phenylpropanoyl-L-(-«-)-2,lO-camphor sultam, MS: 347 (M*) ; 
N-5-phenylpentanoyl-L- (+)-2,10-canqphor sultam, MS: 375 M*; 
JV-pentanoyl-L-(+)-2,10-can5>hor sultam, MS: 300 (M+H)*. 

mxaa^lm 15 

Compounds of formula (Q) 
A. To a solution of N-4-methylpentanoyl-L- (+) -2,10-canphor sultam 
(3.39 g, 10.8 mmol) in 75 mL of dry THF at -78*C under argon was added 
MaNdMS), (1.0 M in TBF, 11.34 mL, 1.05 eq. ) dropwise over five minutes. 
After stirring at -78«C for 1 hour, hexamethylphosphoramide (5 mL) %ras 
added to the mixture, followed by C-butylbromoacetate (5.2 ml, 3 eq) , then 
400 mg of tetra n-butyl ammonium iodide was added in one portion. The 
resulting solution was )cept at -78«C under argon overnight. The next 
morning, the reaction was quenched with water (100 mL) , and then it was 
extracted with ether (3x100 mL) . The combined ether layers were washed 
with brine, then dried ver Na3S04, filtered and concentrated. Purificati n 
by c lumn chromatography (5:95 ethyl acetate/petr lexim ether to 10:90 ethyl 
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acetate/petroleum other as eluant) gave W- (4-methyl-2- 1- 
butoxycarbonylinethyl)pentanoyl-L.(+)-2,lO-can5>hor sxiltam (4 g, 86.5%). 

B. In a similar roaxmeri but replacing N-4-methylpentanoyl-L- (♦) - 
2, 10- camphor sultam with the appropriate conpound of formula (N) , the 
following con^unds of formula (Q) were prepared: 
N- (3-phenyl-2-t-butoxycarbonylmethyl)propanoyl-L- (+) -2,10- 

canphor sultam, MS: 461 (M*) ; 
W- (5-phenyl-2- t-butoxycarbonylmethyl)pentanoyl-L- {+) -2,10- 

camphor sultam, MS: 490 (M+H)*; 
K- (2-t-butoxycarbonylroethyl)pentanoyl-L- (+) -2,10-can5>hor 

sultam, MS: 414 (M+H)*. 

tacaaple 16 

Compounds of formula (Ka) 

A. To a stirred solution of 2^- (4-methyl-2- 1- 
butoxycarbonylmethyl)pentanoyl-L-(+)-2,10-can?)hor sultam {5.45 g, 12.7 
ninol) in 50% aqueous THP (150 mL) at 0<»C vinder argon was added LiOHHiO 
crystals (2.14 g, 4 eq.) followed by 30% HA (11.5 rtL) . Then the ice-bath 
was removed and the resulting emulsion was stirred for 3 hours before it 
had turned clear. Most of the THF was removed under reduced pressure at 
35»C. Then CH,C1, (150 mL) was added and with stirring 4H HCl was added to 
pH-2. After adding NaCl, the aqueous layer was further extracted with 
CBfilj (3x150 mL) . The CH,Clj was removed under reduced pressure at 35»C and 
then the residue was taken up in ethyl acetate (150 mL) . This solution was 
then extracted with 5% K,COj (3x50 mL) and the combined extracts %fere washed 
%rith ether (50 mL) . Then CH,Clj was added to the aqueous layer and with 
stirring with MaCl, the aqueous layer was extracted with CHjClj (3x70 mL) 
and the combined extracts were dried over Na2S04, filtered and concentrated 
to give (2R) -4-methyl-2- t-butoxycarbonylmethyl-pentanoic acid as a 
colorless oil (2.95 g, quantitative yield). 

B. In a similar manner, but replacing N- (4-methyl-2-t- 
butoxycarbonylmethyl)pentanoyl-L- (i-) -2,10-caitiphor sultam with the 
appropriate compound of formula (Q) , the following confounds of 
formula (Ra) were prepared: 

(2R) -3-phenyl-2-c-butoxycarbonylmethyl-prppanoic acid, 
MS: 265 (M+H)*; 

(2J2) -5-phenyl-2- t-butoxycarJDonylmethyl-pentanoic acid, 
MS: 293 (M+H)*; 

{2R) - 2- t-butoxycarbonylmethyl-pentanoic acid, 
(colorless oil, 1.09 g) . 

C. (2Jl)-3-Phenyl-2-t-butoxycarbonylmethyl-propanoic acid (55 n^) 
was taken up in glacial ac tic acid (20 mL) and Ptp, (25 mg) was added in 
acetic acid. Then the beaker was placed in a Parr bomb, it was evacuated 
and charged with 100 psi of H,. After stirring for 3 days, the mixture was 
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suction filtered through a l cm bed o£ celite. The filtrate was then 
concentrated to a yell w oil, (212) -a-eyclohexyl-z-c-butoxycarbonylmethyl- 
propanoic acid <5€ rag). MS: 269 (M-H)'. 

Bxaaple 17 

Con^xnmd of formula (R) 
To a solution of D-leucine (50 g, 0.381 tnol) in 570 mL of 3N HBr (aq) 
at O^C was added sodium nitrite (42 g, 1.6 eq) portion-wise over 1 hour and 
15 minutes. The reaction was further stirred for 3 hrs at O^C then it was 
extracted with ether (1000 mL) . After washing the ether layer with water 
(2x500 mL) it was dried over MgS04 and concentrated. The red syrup was 
then co-evaporated with chloroform (3x200 mL) to remove the color and then 
it %fa6 punned to give (2R) -2-bromo-4-methylpentanoic acid, as a colorless 
oil with a constant weight of 71.3 g. 

Mxaaplm 18 

Conqpound of formula (S) 
Into dichlorome thane (80,mL) was condensed isobutene to double the 
volume (at -50»C CHClj/dry ice). To this solution ms added (2K) -2-bromo- 
4-methylpentanoic acid (28 g, 143.6 mrool) and maintaining the temperature 
between -40« and -50«C concentrated sulphuric acid (1 vSL) was added 
dropwise. The reaction was then alloifed to warm to room temperature over 
20 hours. The solution was then concentrated before adding additional 
methylene chloride (300 mL) which was subsequently washed with saturated 
NaHCO, (2 X 100 mL) followed by water (2x100 mL) . After drying over Na,S04, 
the organic layer was filtered and concentrated to give a yellow oil. The 
material was distilled to give 23 g of (2R) -2-bromo-4-methylpentanoic acid 
t-butyl ester as a clear colorless oil. 

bcaiRple 19^ 

Compound of formula (u) 
To benzyl methyl malonate (2.13 niL, i eq) and potassium- t-butoxide 
(1.36 g, 1 eq) in dry DMP (100 mL) at 0«C was added (2Jl) -2-bromo-4- 
methylpentanoic acid t-butyl ester (2.89 g, 11.5 mmol) in 50 mL of DMF 
dropwise over a period of 1 hr. The resulting solution %ras then stirred at 
0«c for 3 days. Then the reaction mixture was partitioned between ether 
(150 mL) and saturated ammonium chloride (80 mL) . The resulting mixture 
%ras suction filtered, through celite and the two phases were separated. 
Then the aqueous layer was further extracted with ether (3x100 mL) and the 
combined ether extracts were washed with %rater (6x100 mL) . After drying 
over MgS04, the organic layer was filtered and evaporated to dryness. 
Purification by flash coltunn- chromatography (eluting with 4:96 ethyl 
acetate/petroleum ether) gave (212) -2- [(l-methoxy-carbonyl-l- 
benzyloxycarbonyDmethyll -4-methylpentanoic acid t-butyl ester (2.55 g) as 
a clear colorless il, MS: 322 (M-acetone) . 
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l3MapI« 20 

Compound f £onnula (Kb) 
{2R) -2- ( (l-Methoxycarbonyl-l-benzyloxycarbonyl) -methyl] -4« 
methylpentanoic acid t-butyl ester ms taken up in 5 mL of 80% TFA (eq) at 
room temperature and stirred for 1.5 hrs by TLC. The reaction was only 30% 
complete so additional TFA (10 mL) was added. Within 1/2 hour, the 
reaction «#as cooplete. The TFA was removed under high vacuum at 45«C and 
the residue was taken yjp in ethyl acetate and washed with water (5x30 mL) . 
After drying over ^mjSO^, the ethyl acetate layer was filtered, concentrated 
and pumped to yield (2A) •S- [ (l-methoxycarbonyl-l-benzyloxycarbonyl) methyl] - 
4 -methylpentanoic acid, as a solid (1.68 g), MS: 322 (M'*') . 

Bxuple 21 

Compound of formula (W) 
Crystalline phoaphinic acid (8.4 g, 0.13 mol) was stirred in neat 
triethylorthoformate (22 mL, 0.20 ml) for 90 minutes at room tenqperature . 
This was then transferred via cannula to a stirred solution of 
ethylisobutylacrylate (8 g^ 0.036 mol) and tetramethylguanidine (4.5 mL, 
0.036 raol) that had been cooled to O^C for 10 minutes. The ice bath was 
removed and the reaction stirred for 4 hours. The mixture was diluted with 
200 ml of diethyl ether and the solution washed with 1 K HCl (100 ml) , 
water (4 x 100 ml) brine (100 ml) , and dried over magnesium sulfate. 
Evaporation tmder reduced pressure yielded 6.15 g of 2-(ethoxy)- 
phosphinoylmethyl- 4 -methylpentanoic acid ethyl ester as a slightly yellow 
colored oil, MS: 349 (M-Hp)^. 

Bxsaaple 22 

Compound of formula (X) 
Crude 2- (ethoxy)phosphinoylmethyl -4 -methylpentanoic acid ethyl ester 
(26 g) %ms dissolved in 600 mL THF/CBsCl, (50/50) and cooled to 0«C. 
Diisopropyl-ethylamine (32 mL) and 90.8 mL of bis- (trimethylsilyl) 
acetamide were then added to the solution and the resulting mixture was 
stirred for 20 minutes before paraformaldehyde (5.5 g) was added. The 
solution was brought to room tenverature and heated at 37»c for 18 hours. 
The solvent was removed by evaporation, and the resulting oil dissolved in 
200 mL ethyl acetate. The solution was washed with 50 mL of IN HCl (2x) , 
50 mL of brine (2x) , dried over MgS04, filtered and evaporated to yield 
19.3 g of 2-(ethoxy) (hydroxymethyl)phosphinoylmethyl-4-methylpentanoic acid 
ethyl ester as a faintly yellow oil, MS: 281 (MH^) . 

Sxample 23 

Confounds of formula (Y) 
A. 2- (Bthoxy) (hydroxymethyl) phosphinoylmethyl -4 -methylpentanoic 
acid ethyl ester (5 g) was diss Ived in 20 mL of CHjCl^ and cooled t -20»C 
(in duplicate). Methanesulfonyl chl ride (1.5 mL) and triethylamine (3.0 
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mL) were added to solution dropwise. After 15 minutes the bath %ras removed 
and the reaction 1 £t at room teo^erature £ r 3M hours. Bach solution vrais 
then washed with 10 mL cold 2% HCl, 10 mL NaHCQ) (sat) , 10 mL brine, dried 
with Mg804, filtered and evaporated to yield 12.8 g (combined yield) of 
2- (cthoxy) {methane-sulfonyloxymethyl)phoaphinoylmethyl-4-methylpentanoic 
acid ethyl ester. 

B. In a similar manner, but replacing methanesulfonyl chloride 
with p-toluenesulfonyl chloride, 

2- (ethoxy) (p-toluenesul£onyloxymethyl)phosphinoylmethyl-4-methylpentanoic 
acid ethyl ester is prepared. 

■acasvle 24 

Coaf>ounds of formula (AA) 

Sodium hydride (1.52 g, (60%)) and 6 g of 2-guinoline thiol were 
stirred together at 0»C in 50 mL DMP. After the initial H, evolution had 
subsided, the mixture was stirred at room temperature for 2M hours. The 
mixture was then cooled to 0«C and 2- (ethoxy) (methanesulfonyloxy- 
methyl) phosphinoyl -methyl- 4 -methylpentanoic acid ethyl ester (12.8 g) in 10 
mL DMF was added via cannula and the resulting mixture was then stirred for 
18 hours, slowly warming to room temperature. The DMF was removed by 
evaporation, the residue dissolved in SO mL ethyl acetate and washed with 
50 mL Hp (2x) , brine (50 mL) , dried with HgS04 and evaporated to a yellow 
semi-solid. Purification hy flash chromatography using 10% ethyl 
acetate/hexane to 80% ethyl acetate/hexane for the elution yielded 10 g of 
2- (ethoxy) (quinolin-2-ylthiomethyl) -phosphinoyl -methyl '-4 -methylpentanoic 
acid ethyl ester (Rf 0.35 60% ethyl acetate/hexane), MS: 424 (HH**^) . 

B. In a similar manner, but replacing 2-quinolinethiol with 1- 
naphthalenethiol, 2- naphtha lenethiol or thiophenol, the following con^unds 
of formula (AA) are prepared: 

2- (ethoxy) (naphth-l-ylthiomethyl) phosphinoyl -methyl - 

4 -methylpentanoic acid ethyl ester; 
2- (ethoxy) ( naphth- 2- ylthiomethyl) phosphinoyl -methyl - 

4 -methylpentanoic acid ethyl ester; and 
2- (ethoxy) (phenylthiomethyDphosphinoyl-methyl- 

4 -methylpentanoic acid ethyl ester. 

Xxaaple 25 

Compounds of formula (BB) 
A. 2- (Bthoxy) (quinolin-2-ylthiomethyl) -phosphinoyl-methyl-4- 
methylpentanoic acid ethyl ester (4.5 g) was dissolved in 100 mL TBF and 
12.5 mL of 2K NaOH was added together with enough methanol to make the 
solution homogeneous. After 18 hours the THP was removed by evaporation, 
the residue diluted with 50 mL Kfi and washed with 50 mL ethyl acetate. 
The aque us phase was then acidified t pH 4, and the product extracted 
with SO mL ethyl acetate (2x) . The ethyl acetate was washed with 20 mL 
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brine, dried with M9SO4 and evap rated t yield 3.8 g of 

2- (hydroxy) (guinolin-2-ylthioniethyl) -phosphinoyl -methyl- 4 -methylpentanoic 

acid as a yellow oil, MS: 360 (HH^) . 

B. In a similar nuumer the following compoimds of fornnila (BB) are 
5 prepared: 

2- (hydroxy) (naphth-l-ylthiomethyl) phosphinoyl -methyl -4 -methylpentanoic 
acid; 

2- (hydroxy) (naphth-2-ylthiomethyl)phosphinoyl-methyl-4-methylpentanoic 
acid; and 

10 2- (hydroxy) (phenylthiomethyl) phosphinoyl -methyl -4 -methylpentanoic acid. 

■xaaple 26 

Resolution of a con^xmd of formula (BB) 
2- (Hydroxy) (quinolin-2-ylthic^thyl)phosphinoyl-methyl-4- 
methylpentanoic acid (5.3 g) was dissolved in 50 mL of warm ethanol (abs) 
and 4.2 g of (-) -cinchonidine was added. After 30 minutes at room 
temperature the salt began to precipitate out. The flask %ras covered in 
foil and allowed to stand for 2 days. The salt was then removed by suction 
filtration, and the filtrate evaporated to a yellow foam. The salt and the 
filtrate were each dissolved in 100 roL ethyl acetate and washed 
successively with 1% HCl to remove the cinchonidine while keeping the pH 
above 4. Both solutions were each dried over MgS04 and evaporated to yield 
2.4 g of a single stereoismer, [a]^^«^10.68« (9.73 mg in methanol (2 mL) ) 
and 2.5 g of the other single stereoisomer, [or] J*«-8.70« (9.88 mg in 
methanol (2 mL) ) . 

■m^ple 27 

Compound of formula (Ig) 
A single stereoisomer of 2- (hydroxy) (quinolin-2-ylthiomethyl) - 
phosphinoylmethyl-4-methylpentanoic acid (300 mg, 0.81 nmol) and 1,1*- 
carbonyldiimidazole (174 mg, 1.0 mmol) were stirred at O^C in 6 mL THF for 
XH hours. (I05)-I0-Amino- {9-oxo-l,8-diazatricyclo[l0«6.1.0*'*"]nonadeca- 
12(19) ,l3(l8),l4,i6-tetraene (270 mg, 0.95 mmol) was added to the solution 
and the resulting mixture was allowed to warm to room tev^rature and then 
35 stirred for 18 hours. The THF ms removed by evaporation and the residue 

dissolved in 60 mL ethyl acetate. The ethyl acetate was washed with 10 mL 
H2O, 10 mL brine, dried with MgSOt and evaporated to yield (105) - [4 -methyl - 
2- ( 9-0x0-1 , a-diaratricyclo (10 . 6 • 1 . o"*"! nonadeca-12 (19) , 13 (18) , 14 , 16- 
tetraen-io-ylcarbamoyl)pentyl] (quinolin-2-ylthiomethyl)phosphinic acid as a 
40 yellow oil. Purification was carried out by reverse phase HPLC using a 

gradient of acetonitrile and 50 mm NHiOAc buffer as the eluents. The more 
polar stereoisomer was isolated (30 mg) at 41% acetonitrile, and the less 
polar stereoisomer (10 mg) at 43% ac tonitrile. The fractions mre 
lyophilized to off-white powders, MS: 635 (MH**^) . 
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Compound of formula (Ih) 
( 3R, IDS) - 5 -Methyl - 3 - ( 9-oxo-l , 8 -diazatricyclo ClO . 6 * 1 . o" "] nonadeca- 
12(19) ,13(18) ,14, 16*tetraen-10-ylcarbainoyl)hexanoic acid (200 rag, 0.45 
5 nniol) was dissolved in 10 inL of glacial acetic acid and was hydrogenated at 

100 psi H, pressure in the presence of Vtfi (60 rag) in a Parr reactor at 
room temperature for 15 hrs. Argon gas ms bubbled into the reaction 
mixture for 15 mins. and the catalyst (Pt^O) was filtered off (through a 
cone of celite) . The clear filtrate was evaporated to dryness and further 
10 co-evaporated with toluene twice to give quantitative yield of (312, 105) -5- 

methyl-3- (9-oxo-l,8-diazatricyclo[10.e.l.O''-"] nonadecan-lO-ylcarbamoyl) - 
hexanoic acid as a white solid. MS: 448 (M-H)'. 

Krasple 29 

Compound of formula (li) 
To (3JJ, lOS) -5-raethyl-3- (9-oxo-l, 8 -diazatricyclo- (10 • 6 . 1 . o"-"] - 
nonadecanylcarbamoyl) hexanoic acid and O-bcmzylhydroxylamine (5 eg, 2.25 
mrool, 277 rag) in 10 mL of dry CMF at room temperature were added 
l-hydroxybenzo-triazoleH^O (2 eq, 0.9 raraol, 122 mg) and BDCI (5 eq, 
2.25 ramol, 431 mg) . The resulting clear reaction mixture ms stirred at 
room temperature overnight. The solvent was removed under high vacuum at 
room temperature and the residue was partitioned between ethyl acetate 
(IS mL) and IH HCl (15 lAL) . The ethyl acetate layer was further extracted 
with IN HCl (15 mL) . The coinbined aqueous extract was basif ied with 4H 
NaOH to pH 10 and ras saturated with NaCl and extracted with CBiCl, (3x15 
ml) . The combined CBjCl, extract was dried (MgS04) , filtered, and 
evaporated to dryness to give a semi-solid. The semi-solid was stirred in 
ether (10 mL) at 0«C for 30 minutes and filtered to yield 85 mg (34%) of 
(3J?, lOS) -N-benzyloxy-5-methyl-3- (9-oxo-l, 8 -diazatricyclo (10. €. 1 . 0"*"] - 
nonadecanylcarbamoyl )hexanamide, as a white powder, MS: 555 (M^H)"^. 

Sxaq^le 30 

Coo^und of formula (Zj) 
(3i2,105) -N-benzyloxy-S-raethyl-3- (9-oxo-l,8-diazatricyclo- 
35 [io.6.i.o'^^*]nonadecan-l0-ylcarbamoyl)hexanamide (75 mg, 0.135 mmol) was 

hydrogenated at 1 atm H2 pressure in absolute ethanol (5 siL) in the 
presence of 10% Pd-C (35 mg) for 2 hours. Argon gas was bubbled into the 
reaction mixture for 10 minutes and the reaction mixture was filtered 
through a cone of celite. The catalyst on celite was further rashed with 5 
40 mL of ethanol. The combined filtrate %ms evaporated to dryness to afford a 

solid residue. The solid was stirred in 10 mL of 5% NeOK in ether at O^C 
for 30 mins and filtered to yield 57 mg (91%) of (3Jl, lOS) -N- hydroxy- 5- 
methyl-3- (9-oxo-l, 8 -diaza- tricycle [10 . 6 . 1 . 0**-"] nonadecan-10-ylcarbamoyl) 
hexanamide, as an ff -white powder, MS: 465 (M+H)*. 
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lxaapX« 31 

Coa^>ound £ formula (XSD) 
To if- t-butoxycarbonyl tryptophan (3 mnol, 914 mg) and 
N-methylethanediamlne (3.6 innol, 0.27 g, 0.32 ml*) in dry m? (15 mL) were 
added 1-hydroxyfoenzotriazoleB^ (3 nmol, 459 mg) and EDCZ (4.5 innol, 863 
mg) , The mixture was stirred at room tenqperature overnight under argon and 
excess of the solvent (DMF) was removed under high vacuum at 35»C. The 
residue was dissolved in ethyl acetate (40 mL) and the adduct was extracted 
into IN HCl (3x25 mL) . The combined aqueous extract was basified with 
solid IC2CO3 and extracted with ethyl acetate (3x25 mL) . The combined 
organic extract was washed with brine (30 mL) and dried (MgS04) . 
Evaporation to dryness yielded 920 rag (85%) HPLC pure product, l/'-t- 
butoxycarbonyltrytophan-Jf-( (methyl) aminocthyl) -amide as a white foam. 

■xaiDple 32 

Con^und of formula (BE) 
To a vigoroiisly stirred solution of JT'- t-butoxycarbonyl-trytophan- 
N- ( (methyl)aminoethyl) -amide (2 g, 5.55 mrool) and trBna-l,4-dichlorobut-2- 
ene (8.32 mmol, 1.04 g, 0.88 mL) in methylene chloride (75 mL) and 40% KQH 
(50 mL) was added 0.3 equivalents of benzyl triethyl amnonium chloride (1.66 
nnol, 378 mg) . After stirring at room tenqperature overnight, the yellowish 
organic layer was separated and the aqueous layer further extracted with 30 
mL of O^l}. The combined methylene chloride extract was tfashed with brine 
and dried (MgS04) . The residue was dissolved in lO mL of HeOH and at 0«C 
will stirring 50 mL of ether ms added. The restating yellow solid was 
filtered off. The filtrate was evaporated to dryness to give 1.12 g HPLC 
pure product, 11-K'- (t-butoxycarbonyl)amino-10-oxo-l,6, 9-triaza-6-methyl- 
tricyctotll.6,1.0"•*•]eico8a.3 (4) ,13 (20) ,14 (19) ,15, 17-pentaene as a pale 
yellow powder, MS: 413 (M+H)*. 

Example 33 

Coopoiand of formula (FF) 
11-N'- ( t-Butoxycarbonyl)amino-10-oxo-l, 6, 9-triaza-6-methyl- 
tricyclotll. 6. l,0»*»]eicosa.3(4), 13(20), 14(19), IS, 17-pentaene (414 mg, 1 
imnol) was stirred in 40% TFA in CHzCl, (10 mL) at room temperature for 1 hr. 
Excess of TFA and solvent were removed under reduced pressure. The residue 
was dissolved in methylene chloride (30 mL) and washed with 5% K^OO, 
solution (2x15 ml) and brine (15 mL) . The organic layer was dried (MgS04) 
and evaporated to give 240 mg (76%) of pale yellow foam, ll-amino-lO-oxo- 
l, 6 , 9-triaza-6-methyltricyclo [11 . 6 . 1 . O****] eicosa-3 (4) , 13 (20) , 14 (19) , 15, 17- 
pentaene, MS: 313 (M+H)*. 
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KxaapXtt 34 

Coopounds of formula (Ik) 
11-Amino-lO-oxo-l , 6 , 9-tria2a-6 -methyltricyclo [11 . 6 . 1 . 0"*-'*] eicosa- 
3(4)a3(20),l4(19),15,l7-pentaene (161 n^, 0.7 nmol) and (212) -4-methyl-2- 1- 
butoxycarbonylmethylpentanoic acid (220 mg, 0.7 maol) was stirred in dry 
VMP (15 mL) in the presence of HOBt (0.7 nmol). EDCI (1.4 omol, 2€d mg) , 
and N-metbyl morpholine (1.4 nmol, 0.15 mL) iinder argon at room ten^rature 
overnight. Excess of DMF was removed under reduced pressure. The residue 
was dissolved in methylene chloride (30 inL) and washed with water (30 mL) . 
The aqueous wash was extracted with CHjCl] (30 mL) . The combined methylene 
extract was dried (Mg SO4) and evaporated to give a light brown oil. The 
light brown oil was p\irified reverse-phase HPLC (C,g column; CB3GN-50 MH 
Na40R2 gradient) . The desired fraction was lyophilized to give 148 mg (40%) 
of (3Je,llS)-5-methyl-3- (10-oxo-l, 6, 9- triaza- 6 -methyltricyclo- [11.6.1.0"''] 
eico8a-3 (4) , 13 (20) ,14 (19) , 15, 17-pentaen-ll-ylcarbamoyl)hexanoic acid 
t-butyl ester as a pale yellow po«rder, MS: 525.2 (M^-H)***. 

Ixaaple 35 

Coopoimd of formula (II) 
(3J2,ll5)-5-Methyl-3- (10-oxo-l,6,9-triaza-6-methyltricyclo- 
[11 . 6 . 1 . O***") eicosa-3 (4) , 13 (20) . 14 (19) , 15 , 17-pentaen-ll-ylcarbamoyl) - 
hexanoic acid C-butyl ester (0.22B mmol, 120 mg) was stirred in 20% TFA in 
CH1CI2 (5 mL) at room temperature for 1 hr. Excess solvent was removed 
under reduced pressure (rotary evaporator at 30^0 to give the crude aeid, 
(3Jl,llS)-5-methyl-3- (10-0x0-1, 6, 9-tria2a-6-methyltricyclo- [11. 6.1. 0'^'^ - 
eico8a-3 (4) , 13 (20) , 14 (19) , 15, 17-pentaen-ll-ylcarbamoyl) hexanoic acid, as a 
light brown oil. Purification by reverse-phase KFLC, eluted with CHsCN- 
HH4OAC buffer under gradient conditions yielded 90 mg (75%) of the acid as 
pale yellow powder, MS: 469.1 (M-i-H)'^. 

■xaaple 36 

Compound of formula (Im) 
(3Je,llS)-5-Methyl-3- (10-oxo-l, 6, 9-triaza*6-methyltricyclo- 
[ll . 6 . 1 . 0'^'*] eico8a-3 (4) , 13 (20) , 14 (19) , 15, 17-pentaen-ll-ylcarbamoyl) - 
hexanoic acid and 0-benzylhydroxylamine (5 eq, 2.5 mmol, 308 mg) were 
stirred in dry DMF (30 mL) in the presence of HOBt (2 eq, 1 mmol, 135 mg) , 
EDCI (5 eq, 2.5 mmol, 479 mg) , and iT-methylmorpholine (10 eq, 5 imnol, 0.55 
mL) at room temperature under argon for 15 hours. The solvent was removed 
under high vacuum at room temperature* The residue was dissolved in 
distilled water (35 mL) and ms extracted with 10% ethyl acetate in pet. 
ether to remove less polar inpurities. The expected product %ras then 
extracted from the aqueous layer with CH1CI2 (2x35 mL) . The organic extract 
was washed with brine (25 mL) , dried (MgS04) and evaporated to give a 
yellow oil (330 mg) . The crude product was purified on reverse-phase HPLC 
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(CH}CM-MH40Ac buffer; gradient) and iyopbilized to yield 175 tng (61%) of 
(31t«115) -W-benxyl xy-5-methyl-3- (lO-oxo-1,6, 9-triaza-6-methyl-tricyclo- 
[11 . 6 . 1 . 0**'>*] eico8a-3 (4 ) , 13 (20) , 14 (19) , 15 , 17-pentaen- ll-ylcarbamoyl ) 
hexanamide as an off-irtiite powder, MS: 572 (M-B)*. 

Bxaaple 37 

Con^)ound of formula (In) 

A mixture of (312,115) -ir-benzyloxy-5-ittetfayl-3- (10*oxo-l, 6, 9-triaza-6* 
methyltricyclo- [11 , 6 . 1 . eicoBa-3 (4 ) , 13 (20) , 14 (19) , 15 , 17-pentaen-ll- 
ylcarbamoyl) hexanamide (40 rag, 0.07 mmol) and 10% Pd-C (10 mg) was stirred 
in a solution of 3% HCOOH in ethanol (5 mL) at room temperature for 1 hour. 
The mixture was filtered through a cone of celite and concentrated in 
vacuo. To the solid residue in 1 ffiL of 50% AcOH/MeOH with stirring was 
added 5 mL of ether in one portion. The off-white powder was then 
collected by filtration to give 26 mg (68%) of ( 3 Jl, 115) -17- hydroxy- 5 -methyl - 
3- (l0-oxo-l,6,9-triaza-6-methyltricyclo(11.6.1.0'*'»]eicosa-3(4) ,13(20) , 
14(19) ,15, 17-pentaen- 11 -ylcarbamoyl) hexanamide, MS: 488.5 (MH*) . 

The following confound was similarly prepared: 
(2S, 3R, 9S) - (K,2) -dihydroxy-5-methyl-3- (8-oxo-l, 7- 
diazatricyclo [9.6.1. 0*^^] octadeca-11 (18) , 12 , 14 , 16- tetraen-9- 
ylcarbamoyl ) hexanamide . 

banple 38 

Con^unds of formula (JJ) 

A. To a solution of (±) -2-hydroxybutanoic acid, sodium salt (2.54 
g, 20.1 mmol) in dry DMF (30 mL) %raia added benzyl bromide (2.9 mL, 1.2 eq) 
and anhydrous KI (330 mg, 0.1 eq) . The suspension was heated at lOO^C for 
24 hours and the DMF %fas distilled off under reduced pressure. The residue 
was taken up in ether, washed with water and saturated NasS^O), dried 
(MgS04) , and concentrated. Distillation of the residual oil afforded 3.7 g 
(95%) of benzyl (±) -2-hydroxybutanoate as a colorless oil, b.p. 95«C (0.45 
Torr) . 

B. Alternatively! to a cold (0«C) suspension of NaH (3.8 g of a 
60% weight dispersion in mineral oil, 95.0 mmol) in THP (50 mL) was added a 
solution of glycolic acid (7.2 g, 95 mmol) in THP (50 mL) dropwise via 
cannxxla. The resulting solution was warmed to 25«C and concentrated in 
vacuo. The resulting salt was suspended in DMF (100 mL) and treated with 
RI (1.57 g, 0.1 eq) and benzyl bromide (12.3 mL, l.l eq) . The mixture was 
heated at lOO^C for 23 hours under argon and the TSfSF was evaporated. The 
residue was dissolved in ether and washed with water, satiurated Na28203, and 
brine, axid dried over MgS04. Distillation afforded benzyl glycolate (6.5 

g, 54%) as a colorless oil, b.p. 85-87»C (0.5 Torr). 
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Compounds of formula (LL) 

A. To a cold (O^C) solution of benzyl (i) *2-hydroxyfoutanoate (1.75 
9, 9.01 mmol) in CH2CI2 (50 mL) was added 2,6-lutidine (1.2 xnL, 1.1 eq) 
followed by triflic anhydride (1.7 mL, i.i eq) dropwise. After 10 minutes, 
a solution of L- leucine t-butyl ester (1.7 1 eq) and diisopropylethyl- 
amine (1.7 mLr l.l eq) in CEfilt (30 mL) was added droptrise at 0«C. The 
solution was warmed to 25 «C for 36 hours, diluted with CH^Clj, and washed 
with saturated NaHCQj (50 inL) . After drying (Na2S04) and concentration in 
vacuo, the residual oil was flash chromatographed (silica, 5% ethyl 
acetate/hexanes) to separate diastereomers . The less polar diastereomer, 
(U)-i;- (2-benzyloxycarbonyl)propyl-L- leucine c-butyl ester (R, 0.22, 5% 
ethyl acetate/hexanes), and the more polar diastereomer, (15) -if- (2 - 
benzyloxycarbonyl) propyl -L- leucine c-butyl ester (R, 0.13), were further 
purified individually by RPLC (5% ethyl acetate/hexanes) to afford 1.1 g of 
the more polar diastereomer and 0.78 g of the less polar diastereomer « 

MS (FAB) : 364 (MH^) . 

B. In a similar manner, from benzyl glycolate (379 mg, 2.7 mmol), 
L-leucine t-butyl ester (435 mg, 2.7 mmol), 2,6-lutidine (0.35 mL, 2.8 
mnol) , diisopropylethylamine (0.53 mL, 0.28 mmol), and triflic anhydride 
(0.51 mL, 2.8 mmol) there %m8 obtained 383 mg (50%) of N-benzyloxycarbonyl- 
methyl -L-leucine c-butyl ester as a colorless oil, MS (FAB) : 336 (MH*) . 

Kxaaple 40 

Compoimds of formula (lo) 

A. To a solution of (IS) -N- (2 -benzyloxycarbonyl) propyl -L-leucine 
c-butyl. ester (143 mg, 0.393 mmol) in CH3CI2 (3 mL) at 0«C was added TFA 
(0.5 mL) . The solution was stirred at 25«C for 4 hours and then 
concentrated in vacuo to yield the salt of (IS) -N- (2-benzyloxycarbonyl) - 
propyl -L-leucine (conipowd of formula (MM)), which was then dissolved in 
DMF (3 mL) with (lOS) -10-amino- (9-oxo-l. 8-diazatricycloll0.6 .1.0**-"] - 
nonadeca-l2(l9) ,13(18) ,14,16-tetraene (124 rog, 1.1 eq) and HOST (80 mg, 

1.5 eq) . After cooling to 0«C, N-methyln^rpholine (60 mL, 1.5 eq) and EDCI 
(113 mg, 1.5 eq) were added. After 18 hours at 25*C, the reaction mixture 
was diluted with 10 mL of ethyl acetate, washed with saturated NaHCO, (3x10 
mL) and water (2x10 mL) , dried (Na2S04) , and concentrated. The residue was 
flash chromatographed (silica, 1% MeOH/CHjClj) and fractions with Rf 0.5 (5% 
MeOK/CSjCl]) were collected. Reverse phase HPLC afforded (2R,1<5,105) -2- [N- 
(1-benzyloxycarbonyl) -propylamine] -4-methyl-l/- (9-oxo-l,8-diaza-tricyclo- 
[10.6.l.0'^**]nonadeca-l2(l9) ,13(18) ,14,16-tetraen-lO-yl) pentanamide (46 
mg) , MS (FAB) : 575 (MH*) 

B. In a similar manner, but substituting (lK)-N-(2- 
benzyloxycarbonyl) propyl -L-leucine c-butyl ester (270 mg) for (lS)-N-(2- 
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benzyl xycarbonyl) propyl -L- leucine t-butyl ester, there was obtained 
{2R,l'R,10S) -2- [N- (l-benzyloxycarbonyl)propylainino] -4-methyl-N- (9-oxo-l,8- 
diazatricyclo[10.6.l.0*'*'*]nonadeca-12(19) ,13 (18) , 14rl6-tetraen-10- 
yl)pentanamide, (175 019)1 MS(FAB): 575 (MET*'). 

Sxs^ple 41 

Compounds of formula (Ip) 

A. To a solution of {21{,1*5,105) -2- [Jtf^ (l-benzyloxycarbonyl) - 
propylamino] -4-methyl-N- (9-oxo-l,8-diazatricyclo- [10.6 . 1.0^"] nonadeca- 
12(19) ,13(18) ,14, 16-tetraen-10-yl)pentanamide (46 rog) in THF/MeOH (1:1, 2 
nL) tinder argon was added 1 M barium hydroxide (0.3 mL) . After 24 hours at 
25^0, CO2 was passed over the solution and the restilting precipitate of 
barium carbonate was filtered off. The solvents %«ere removed under reduced 
pressure and the aqueous residue was adjusted to pH 5.5 with l M HCl. 
After removing the water, reverse phase HPLC afforded (2S, 1' 5,105) -2- [N'- 
(l-Carboxy)propylaminol -4-methyl-W- (9-oxo-l, 8-diazatricyclo [10 .6 .1. 0"*"] - 
nonadeca-12 (19) ,13 (18) ,l4,l6-tetraen-l0-yl)pentanamide, as a white solid, 
MS (FAB) : 483 (M-H) *. 

In a similar manner were prepared: 

(2125,105) -2- [Carboxymethylamino] -2-cyclohexyl-N- (9-oxo-l,8-diazatrieyclo 

[10 . 6 . 1 . 013 , 18] nonadeca-12 (19) , 13 (18) , 14 , 16- tetraen-10- 

yDacetanamide, 497 (M-^H)^. 
{2RS, 105) -2- [Carboxymethylamino] -3-methyl-N- (9-oxo-l, 8-diazatricyclo- 

[10 . 6 . 1 . 013 , 18] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO-yl) pentamide, 

471 (M+H)"^. 

(2R5, 105) -2- [Phosphonylmethylamino] -4-methyl-N- (9-oxo-i, 8-diazatricyclo- 
[10.6.1. 013 , 18 ] nonadeca-12 (19 ) , 13 ( 18 ) , 14 , 16 - tetraen- 10-yl ) pentamide 

B. In a similar manner, from (212, 1*R,105) -2- [N'- (1-benzyloxy- 
carbonyl) propylamino] -4-methyl-W- (9-oxo-l, e-diazatricyclo [10. 6. 1.0^*'] - 
nonadeca-12 (19) , 13 (18) , 14, 16 -tetraen- 10-yl )pentanamide, {2R, 1 * 5, 105) -2- [N' - 
( l-carboxy) propylamino] -4 -methyl -nr- ( 9-oxo- 1 , 8-diazatricyclo- [10 . 6 . 1 . o"-"] 
nonadeca-12 (19) ,13(18) ,14, 16-tetraen-10-yl)pentanamide (16 mg) was 
obtained, MS (FAB) : 483 (M-H)'. 

C. Proceeding as in the preparation of compound of formula (lo) 
above, from N- [ (benzyloxycarbonyl) methyl] -L-leucine t-butyl ester (156 mg, 
0.465 mmol) , HOBT (94 mg, 1.5 eq) , SDCI (134 mg, 1.5 eq) , N-methyl- 
morpholine (77 ^L) , and (105) -10 -amino- (9-oxo-l, 8 -diazatricyclo- 
[10.6.1.0"*"]nonadeca-l2(19) ,13(18) ,14,16-tetraene (133 rog, l eq) there was 
obtained the crude benzyl ester after flash chromatography (3% MeOH/CB2Cl:i) . 
The crude benzyl ester was dissolved in THF/MeOH (1:1, 6 mL) and hydrolyzed 
with 1 M barium hydroxide (0.9 mL) overnight. Carbon dioxide was passed 
over the solution and the resulting precipitate was filtered ff . The 
filtrate was concentrated and the ac[ue us residue was adjusted t pH 5.5 
with 1 M HCl. Reverse phase HPLC aff rded (2je, 105) -N'- (carboxymethyl) - 
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aniino-4-methyl-N- (9-0X0-1, S-diazatricycl ClO.6.1, 0'^»)nonadcca-12 (19) , 
13(18) ,14, l€-tetraen-10-yl)pentanamide (17 mg) as a white solid, MS (FAB): 
457 (MH*) . 

■xaapltt 43 

Compounds of formula (€) 
4-Methyl-2-Methylenepentanoic Acid 

A. To neat ethyl isobutylmalonate (25 g, 0,13 mol) at was 
slowly added ice cold dicthylamine (15.1 mL, 0.15 mol). After stirring for 
15 min, formalin (11, i mL 37% aqueous formaldehyde) was added dropwise. The 
mixture was allowed to stir at 25 • for 3 days. The reaction mixture was 
then treated with a solution of 20 g of K^CX), in 40 raL of water and 
extracted with ether (2 x 100 mL) . The ether extracts were combined, washed 
with brine, dried over MgSO^ and concentrated under reduced pressure at 
20*. The crude product, ethyl 4-methyl-2-methyl«nepentanoate containing 
some ether, was dissolved in absolute ethanol (250 mL) and treated with 
acetonitrile (250 mL) , IM LiOH (9.7 g in 250 mL of water, 0.23 mol). 
After stirring overnight, the organic solvents were evaporated under 
reduced pressure and the aqueous residue was extracted with ethyl acetate 

(2 X 150 mL) . The combined extracts were washed with brine, dried over 
MgSO^ and concentrated \mder reduced pressure to afford 10.5 g of 4 -methyl - 
2-methylenepentanoic acid as a colorless oil. 

B. In a similar manner, the following compounds of formula (Qd) 
are prepared: 

4- Phenyl-2-methylenebutanoic acid; 
3-Cyclohexyl-2-methylenepropanoic acid; 

5- Phenyl-2-methylenep6ntanoic acid; 
2rMethylenepentanoic acid; and 

3,3- dimethyl - 2 -me thylenebutanoic acid . 

Sxaaple 43 

Compound of formula (Id) 
(Reverse Hydroxamate) 

A. A solution of 4-methyl-2-methylenepentanoic acid (3.5 g) and 0- 
benxylhydroxylamine were heated at 120» for 8 h. The reaction mixture was 
then partitioned between 50 mL of 1.0 N HaOH and 50 mL of diethyl ether. 
The aqueous portion was separated, acidified to pH 3 with 10% HCl and 
washed with 50 mL of ether. Ion exchange chromatography (Dowex - 50W) 
eluting with 20% pyridine /water gave 2- (benzyloxyaminomethyl) -4- 
methylpentanoic acid. 

300 MHZ »H NMR in CDCl,: 6 0.9-1.0 (dd, 6H,CH,) , 1,25-1,35 (m, IH, CH) ; 

1.6- 1,75 (m, 2H, CHj); 2.8-2.9 (m, IH, C,-H) ; 3.0-3.2 (AB,, 2H, CHjM) ; 

4.7- 4.75 (AB,, 2H, CHjO) ; 7.3-7.4 (m, SH, Ph) . 

B, Pormylation of 2- (benzyloxyaminomethyl) -4 -me thylpentanoic acid 
was carri d out in dichl romethane with formic acid/acetic anhydride to 
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give N-£orTiiyl-2- (benzyloscyaminomethyl) -4-methyIpentanoic acid. 

Coi^ling with a coopound of formula (J): To N-fonnyl -2- (benzyl xyamino- 

methyl)-4-methylpentaxioic acid (175 mg) and (J) (230 mg) in 5% 

pyridine /dichlorotnethane (30 «nL) was added 4-diinethylaminopyridine (DMPA) 

(200 mg) and 1- (3-dimethylaminopropyl) -3-ethyl-carbodiimide hydrochloride 

(BDCI) at room ten^rature. The reaction mixture was stirred for 6 h and 

then concentrated, partitioned between 30 mL of ethyl acetate and 30 mL of 

20% ECl. The organic portion was washed with water (20 mL) , 5% NaHCO, (20 

mL) and brine, dried over MgS04 and concentrated* Purification on silica 

gel, eluting with 50% ethyl acetate /hexane gave the product as a mixture of 

two isc»ners. Hydrogenolysis in methanol over 10% Pd/C afforded (2RS, lOS) - 

2- [N-formyl, N-hydroxyaminomethyl] -4-methyl- (9-oxo-l,8-diaza- 

tricyclo tlO . 6 . 1. 0"*-"lnonadeca-l2 (19) 13 (18) , 14, €-tetraen-lO-yl]pentamide, 

as a mixture of 2 isomers, MS 455 (H-H)', (Oonpouad $) . 

In a similar manner nfere prepared: 

(2RS , lOS) -2- [iso-propoxycarbonylmethyl] -4-methyl- (9-oxo-i, 8-diaza- 
tricyclo (10 .6 . l . O"*"] nonadeca-12 (19) 13 (18) , 14, 6-tetraen-l0-yl]pentamide, 
MS 455 (M^H)^. 

(2RS, lOS) -2- {morpholinocarbethoxymethyl] -4-methyl- (9-oxo-l,8-diaza- 
tricyclo [lO . 6 . l . 0*^"] nonadeca-l2 (19) 13 (18) , 14, 6-tetraen-lO-yl] pentaraide, 
MS 555 (N4>H)*. 

■xaaple 44 

Compound of Formula (Iq) 

A. Preparation of Formula (PP) 

To a mixture of 2- (phthalimid-2-ylmethyl) -3 (R) -isobutylsuccinic acid 
t-butyl ester (3.4 g), N-methylmorpholine (1.92 ml), 1-hydroxybenzotriazole 
(1.3 g) and (105) -lO-amino- (9-oxo-l,8-dia^atricyclo[l0.6.l.0"'"]nonadeca- 
12 (i9) ,13 (18) , 14, 16-tetraene (2.49 g) in dry DHF (200 mL) at 0»C under 
argon was added EDCI (3.34 g) . The restilting mixture was stirred 
overnight, allowing the mixture to rise to ambient temperature, and the 
solvent then removed at 45^C under high vacuum. The residue was stirred 
vigorously with a mixtxire of ethyl acetate (300 mL) and O.SN hydrochloric 
acid (150 ml) . The organic layer was washed with O.SN HCl (2x150 ml), 
sattirated NaHCO, (2x150 ml) and finally with brine (1X150 ml) . After 
drying the organic layer over MgS04, it ras filtered and evaporated to 
dryness. Purification of the residue by flash column chromatography (10% 
ethyl acetate/methylene chloride) gave (312,105) -2- (phthalimid-2-ylmethyl) - 
5-methyl-3- (9-oxo-l, B-diaza-tricyclo[lO.€.l.O^"]nonadeca- 
12(19) ,13(18) ,14, 16-tetraen-l0-ylcarbamoyl)hexanoic acid t-butyl ester 
(4.81 g) . This compoxmd was obtained as 2.96 g of a less polar 
diasteroisomer, 1.05 g of a more polar diasteroisomer, and 0.8 g of a 
mixture of the two. 

B. Preparation f F rmula (iq) 
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To a solution £ the less p lar isomer of the coflopound £ forntula 
(PP) prepared in 42A (2.96 g) in me than 1 (50 ml) and methylene chloride 
(50 ml) at room ten^ratxire was added hydrazine (2.6 ml) . The mixture «fas 
stirred overnight, then a further 200 ml o£ methylene chloride and 300 ml 
of methanol added, followed by silica gel. The solvent was then removed 
under reduced presstire, and the residue of silica gel on which the material 
was adsorbed was loaded onto a silica gel column and flash chromatographed. 
Elution with 4% methanol /methylene chloride gave 2.01 g of (3J2,lOS)-2- 
(aminomethyl ) -5 -methyl- 3- (9-oxo-l, B-diaza-tricyclo [10 .6 . 1 . 0"-"J nonadeca- 
12(19) ,13(18) ,14,16- tetraen-lO-ylcarbamoyl)hexanoic acid t-butyl ester 
(4.81 g) . 

C. Hydrolysis of the ester with trifluoroacetic acid as shown below gave 
(3K,105) -2- (aminomethyl) -5*methyl-3- (9-oxo-l,8-diaza- 
tricyclo[l0.6.1.0'^-"]nonadeca-12(19) ,13(18) , 14,16- tetraen-lO- 
ylcarbamoyDhexanoic acid, MS 471 (MS^) * 

Bxaaple 45 

Compound of Formula (Ir) 

A. To a solution of (3i2, 105) -2- (aminomethyl) -5-methyl-3- (9-oxo-l, 8- 
diaza- tricyclo [10 . 6 . 1 . O^^'^] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO- 
ylcarbamoyDhexanoic acid t-butyl ester (363 mg) and triethylamine (0.54 
ml) in dry methylene chloride (20 ml) at O^C was added methanesulfonyl 
chloride (77 fival) . The resulting mixture was stirred for 2 hours, allowing 
the mixture to rise to ambient temperature, then methylene chloride (100 
ml) and 0.5N hydrochloric acid (50 ml) added, stirring vigorously. The 
aqueous layer was further extracted with methylene chloride (2x 75 ml) , 
then the combined organic layers mshed with brine (100 ml) . After drying 
the organic layer over MgS04, it ms filtered and evaporated to dryness. 
Purification of the residue by flash column chromatography (20-30% ethyl 
acetate/methylene chloride) gave (31t,105)-2- (methylsulfonamidoaminomethyl) - 
5 -methyl - 3 - ( 9-oxo- 1 , 8 -diaza- tricyclo [10.6.1. o"'"] nonadeca- 
12 (19) , 13 (18) , 14, 16- tetraen- 10 -ylcarbaunoyl) hexanoic acid t-butyl ester as a 
white solid (211 mg) . 

B. To a solution of the conqpound obtained in A (180 mg) in methylene 
chloride (4 ml) at 0«C was added trifluoroacetic acid (2 ml) . The 
resulting mixture was stirred for 5 hours, allowing the mixture to rise to 
ambient temperature. The solvent was removed under reduced pressure, ethyl 
acetate ms added to the residue, and the solution washed with mter (7x 30 
ml) . After drying the organic layer over ^fgS04, it was filtered and 
evaporated to dryness. Crystallization of the residue from methanol /ethyl 
acetate/hexanes gave (3R, 105) -2- (methylsulf onamidoaminomethyl) -5-methyl-3- 
(9-oxo-l , 8 -diaza- tricyclo [10.6.1. 0""] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen- 
10-ylcarbamoyl)hexanoic acid as a white solid (129 mg) . 

C. In a similar manner, the following con^unds f formula (Ir) 
were prepared: 
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(3R,10S) -2- (methoxycarbonylaminomethyl) -5 -methyl -3- (9-oxo-l,e- 

diazatricyclo [10 . 6 . 1 . o"*"] nonadeca-12 (19) , 13 (16) « 14 , l€-tetraen-10- 

ylcarbanoyDhexanoic acid, MS 527.5 (M-H*) ; 
(311, lOS) -2- (ethoxycarbonylaminomethyl) -5-methyl-3- (9-oxo-l, 8- 

diazatricyclo [10 . 6 . 1 • 0^'*] nonadeca-12 (19) , 13 (16) , 14 , 16-tetraen-lO- 

ylcarbamoyDhexanoic acid, MS 541.5 (N-H*) ; 
(3J{,105) -2- (methanesulfonamidomethyl) -5-methyl-3- (9-oxo-l, B-diazatricyclo- 

[10 . 6 . 1 . 0^^] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO-ylcarbainoyl) - 

hexanoic acid, MS 549.2 (M-R") ; 
(3Je,105) -2- (ethaneaulfonaraidomethyl) -5-methyl-3- (9-oxo-l, 6-diazatricyclo- 

[10. 6, l.O"-"] nonadeca-12 (19) ,13 (18) , 14,16- tetraen-lO-ylcarbamoyl) - 

hexanoic acid, MS 563 (M-r") ; 
(312,105} -2- (trifluoromethanesulfonamidomethyl) -5-methyl-3- (9-oxo-l, 8- 

diazatricyclo- [10.6.1. o"*"] nonadeca-12 (19) ,13 (18) , 14, 16-tetraen- 

lO-ylcarbamoyl) hexanoic acid, MS 603.3 (M-H^) ; 
(3il,l0S) -2- (phenylBUlfonamidomethyl) -5-methyl-3- ( 9-oxo-l, 8 -diazatricyclo- 

[10.€.l.0"-"]nonadeca-l2(l9) ,13(18) ,l4,l6-tetraen-l0-ylcarbamoyl)- 
hexanoic acid, MS 611.1 (M-H^) ; 
(3A,105) -2- (benzylsulfonamidomethyl) -5-methyl-3- (9-oxo-l, 8 -diazatricyclo- 

[10 .6 . 1 . 0"-"] nonadeca-12 (19) , 13 (18) , 14, 16-tetraen-lO-ylcarbarooyl) - 

hexanoic acid, MS 625.2 (M-iT*') ; 
(3R,10S) -2- [5- (2-pyridyl)thiophen-2-yl8\afonainidocnethyl] -5-methyl-3- (9- 

oxo-1, 8-diazatricyclo- [10 . 6 . 1 . O***"] nonadeca-12 (19) , 13 (18) , 14 , 16- 
tetraen-lO-ylcarbaInoyl)hexanoic acid, MS 692.4 (M-H*) ; 
(312,105) -2- (thien-2-yl8ulfonamidomethyl)-5-methyl-3- (9-oxo-l, 8- 

diazatr icyclo [10.6.1. O** "] nonadeca- 12 ( 19 ) , 13 ( 18 ) , 14 , 16 - tetraen- 

10-ylcarbamoyl) hexanoic acid, MS 617.5 (M-H*) ; 
(312,105) -2- (2 -phenyl vinylsulfonamidomcthyl) -5-roethyl-3- (9-oxo-l, 8- 

diazatricyclo (10. 6. 1.0^**1 nonadeca- 12 (19) ,13(18) ,14, 16 -tetraen- 
lO-ylcarbamoyl) hexanoic acid, MS 637.6 (M-H*) ; 
(3R,105) -2- (l-azanaphthyridin-e-ylflulfonamidomethyl) -5-methyl-3- (9-oxo-l, 8 

diazatricyclo-[l0.6.l.0"**']nonadeca-l2(19) ,13(18) ,14,16-tetraen- 

10-ylcarbamoyl) -hexanoic acid, MS 549.2 (M-ff**) ,- 
(3H, 105) -2- (3-ethyl\ireidomethyl) -5-methyl-3- (9-oxo-l, 8-diazatricyclo- 

[10 . 6 . 1 . 0*^"] nonadeca-12 (19) , 13 ( 18 ) , 14 , 16 - tetraen- 

lO-ylcarbamoyl) hexanoic acid, MS 542.34 (M-H*) ; and 
(3H,105) -2- (acetylaminomethyl) -5-methyl-3- ( 9-oxo-l, 8 -diazatricyclo- 

[10 . 6 . 1 . O**-"] nonadeca-12 (19) , 13 (18) , 14, 16- tetraen-io- 

ylcarbamoyl) hexanoic acid, MS 512 (N-R^) ; 
(3R, 105) -2- (B-quinolineaulfonylaminomethyl) -5*methyl-3- (9-oxo-l, 8- 

diazatricyclo [10 . 6 . 1 . 0"-"! nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO- 

yl carbamoyl) hexanoic acid; 
(3H, 105) -2- (5-benzoylaminomethyl-thien-2-yl)sul£onylaminomethyl-5-methyl-3 

(9-oxo-l, 8-diazatricyclo [10 .6.1. 0"-"] nonadeca-12 (19) , 13 (18) , 14, 16- 
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tetraen-10- ylcarbamoyl ) haxanoic acid; 
lOS) -2- <M-mfithyl-imida2 l-2-yl8\ilfonylaminomsthyl> -5-methyl-3- (9-oxo- 

1, 8-diazatrlcyclo (10 . 6 . 1 . 0^*'] nonadeca-12 (19) , 13 (18) , 14 , 16-tetraen- 

10 -ylcarbamoyl )hexanolc acid, MS: 612.7 (M-B)'; 
{2R, lOS) -2- (5-pyridin-2-yl-thien-2-ylsulfonylamino!iiethyl) -5-methyl-3- (9- 

oxo-l,8-diazatricyclo[10,6.1,0"*»]noxiadeca-12 (19) ,13(18) .14,16- 

tetraen- 10 -ylcarbamoyl )hexanoic acid; 
(3i2,lOS) -2- (benzylaminomethyl) -5-methyl-3- (9-oxo-l,8- 

diazatricyclo [10 . 6 . 1 . o'^^] zionadeca-12 (19) , 13 (18) , 14 , 16-tetraen-lO- 

ylcarbamoyDhexanoic acid; 
( 3 Je, lOS) - 2 - (phthal imid- 2 -ylraethyl - 4 - cyclopcntyl - 3 - ( 9 -oxo- 1,8- 

diazatricyclo [10 . 6 . l . O"-"] iionadaca-12 (19) , 13 (18) , 14 , 16 -tetraen-lO- 

ylcarbamoyl )butanoic acid; 
(311, lOS) -2- (N-phthalimid-2-ylmethyl-5-methyl-3- (9-oxo-l,B- 

diazatricyclo [10 .6.1. 0"-"] aonadeca-12 (19) , 13 (18) , 14 , 16- tetraen-lO- 

ylcarbamoyDhexanoic acid; 
(312,105) -2- (methaneaiafonylaminomethyl) •*4*cyclopentyl-3- (9-oxo-l,8- 

diazatricyclo[10.6.1.0"'»]ncnadeca-12 (19) ,13(18) , 14, 16 -tetraen-10 - 

ylcarbamoyl )butanoic acid; and 
(3Je,l05) -2- (phenylethylsulfonylaminomethyl) -5-methyl-3- {9-oxo-l,8- 

diazatricyclo (10 . 6 . 1 . O**-"! nonadcca-12 (19) , 13 (18) , 14 , 16- tetraen-lO- 

ylcarbamoyDhexanoic acid. 
Similarly prepared is: 

{2R,9S) -2- (methanesulfonamidometbyl) -4-cyclppentyl-3- (B-oxo-l,7- 

diazatricyclo[9.6,1.0"*"]octadeca-ll(lB) ,12(17) , 13, 15-tetraen- 
9-ylcarbamoyl)butanoic acid. 

bcaaple 46 

Compoimd of formula (mm) 
To a solution of N-t-butoxycarbonyl-L- tryptophan, (128 g, 0.42 rool) , 
2- (2-aminoethoxy)ethanol (46.42 g, 0.44 mol), 1-hydroxybenzotriazole (60.0 
9r 0.44 mol) in 700 mL of OMF at 0«C was added DCC (100 g, 0.48 mol). 
After stirring at O^C for 15 minutes, the mixture was stirred at room 
temperature overnight. The white solids were filtered and washed with 
EtOAc. The filtrate was concentrated under reduced pressuire. The residue 
was talcen up in ether and a small amount of EtOAc, washed with 1% HCl 
(3x500mL) , saturated NaHCO, (3x500mL) , and brine (3x500mL) . The organic 
layer was dried (MgSO*) , filtered and concentrated to give 2-(S)-t- 
butoxycarbonylamino-N- [2- (2-hydroxy-ethoxy) ethyl] -3- (lH-indol-3-yl) - 
propionamide, 150 g (yield 91%), MS: 392.2 (N+H)*. 

txaaple 47 

Compound f formula (nn) 
To the compound obtained from Exan^le 46 (50 g, 0.128mol), and N,N- 
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dimethylpyridine (200 mg, 1%) in 250 mL of trlethylanilne/dichl romethane 
(1/4) at 0»C was added 29 g(0.15 mol) £ p-tolueneatd£onyl chloride. The 
mixture was stirred at O^C for 4 hours. The solvent was removed at 0«C 
under reduced pressure. The residue was taken up in BtOAc and IK HCl, and 
transferred to a separatory funnel. The organic layer was isolated and 
washed with 2% HCl repeatedly until the pH of the aqueous layer was about 
2f and with saturated NaHCQj and brine, the organic phase was dried, and 
evaporated to give 60 g (86%) of 2- (S) -t-butoxycarbonylamino-2-N- [2- (2-4* - 
methylphenylsulfonyloxy) -ethoxy) ethyl] -3- (lH-indol-3-yl) -propionamide , MS: 
545 (M*). 

■xanple 48 

Compound of formula (oo) 
To the compound obtained from Example 47 (30 g, 0.055 mol) in CH3CI2 
(700 mL) added 50% NaOK {200ml«) and tetra-n-butylammonium hydrogen sulfate 
(20.54 g, 0.06 mol) . The mixture ms stirred vigorously at room 
temperature for l hour. The mixt\ure was then transferred to a separatory 
flannel. The organic phase was isolated and washed with brine, and dried. 
After removing solvent, the crude product was further purified by colixmn 
chromatography (5% acetone /EtOAc) and then recrystallized from 
ether/hexanes to give 4.4 g (21%) of t-butoxy-carbonylamino-4-oxa-l, 7- 
dia^a-tricyclo [9 . 6 . 1. 0*^*^] octadeca-U (18) , 12 , 14, 16-tetraen-8-one, MS : 374 
(M+H)*, melting point 177.5-178«C. lalo « -0,852 (MeOH, c-0.983 g/lOOirtL) . 

BKaaple 49 

Compound of formula (ff) 
To the compound obtained from Exas^le 48 (15 g, 0.04 mol) at 0«C 
added 40% TFA/CHsCl, (50mL) . The mixture was stirred at room temperature 
for 3.5 hours. The solvents %rere removed under reduced pressure. To the 
remaining residue added toluene (SOmli) , and the solvent was again removed. 
This sequence was repeated twice. The residue ms dried in vacuo 
overnight, and partitioned between EtOAc/lN NaOH. The two layers were 
separated. The aqueous layer was extracted with EtOAc (3xl00mL) , and the 
combined EtOAc phase was washed with IK NaOH (3xlOOmL) and brine (ixlOOmL) , 
The solvent was dried (MgSO^) and evaporated to give 11 g(lOO%) of 9-(S)- 
amino-4-oxa-l, 7-diaxa-tricycloc (9.6.1. 0"-") octadeca-11 (18) , 12 , 14 , 16- 
tetraen-B-one. 

Sxaaple 50 

Compound of formula (gg) 
A. To 4-pentenoic acid (28 g, 0.28 mol) in IL of dry THF at -78«C was 
added Et)N (52.6 mL, 0.38 mol). Pivaloyl chloride (42.5 mL, 0.32 mol) was 
added dropwise. After the addition was coo^l ted, the reaction mixture was 
warmed to 0»c and stirred for an additional hour at O^C, and then cooled to 
-78»C. 



wo 96/23791 



97- 



PCT/US96/01506 



In a separate flask, S-4 -benzyl- 2 -oxaz lidinone <43 g, 0.24 mol) in 
dry TBF (IL) at -78«C added triphenylmethane (20109) as an indicat r. A 
solution of n-Buli in hexane (1.6M) was added dropwise until a yellow color 
persisted. The solution was stirred for another 30 minutes. This solution 
was then slowly transferred to the above just formed mixed anhydride, and 
stirred for one hour. The reaction was quenched with 500 mL of dilute 
NHiCl solution. THF was removed and the remaining solution was extracted 
%rith ether (3x500mL) . The combined ether extracts were dried over NgS04 
and concentrated to give 64.9 g of (S) *4•benzyl-3-pent-4-enoyl-oxazolidin- 
2-one, MS: 259 (M*) . 

B. To (S)-4-benzyl-3-pent-4-enol-oxazolidin-2-one (64.9 g, 0.25 mol) in 
dry THF (700 mL) at -78«C was added sodium bis (trimethylsilyl) amide in THF 
(l.OM, 275mL, 0.2emol) dropwise. After stirring for an additional hour at 
-78*C, t-butylbromoacetate (44.3 mL, 0.30mol) was added dropwise. The 
mixture was stirred for 4 hours at *7e«C, and was then quenched %d.th dilute 
NII4CI solution (200mL) . After removal of THF, the aqueous layer was 
extracted with ether (3x300mL) . The ether layers were washed with brine 
(200mL) , dried and evaporated to give 109. 7g of crude product. After 
column chromatography purification (5% acetone/hexanes) , 41.3 g of pure 

(R) -3- (S-4-benzyl-2-oxo-oxazolidine-3-carbonyl)hex-5*enoic acid tert-butyl 
ester was obtained, MS: 373 (M^) . 

C. To (R)-3-(S-4-benzyl-2-oxo*oxazolidine-3-carbonyl)-hex-5-enoic acid 
tert-butyl eater (25 g, 0.067mol) in 300 mL of THP/water (1/1) at 0«C was 
added lithium hydroxide (11.25 g, 0.268 mol) and hydrogen peroxide (30%, 
31.1 mL, 0.268 mol). After stirring at 0«C for 20 minutes, the reaction 
mixture was stirred at room temperature for 2 hours. THF was removed, and 
the remaining solution was acidified to pR 2, satturated with NaCl, and 
extracted with EtOAc (2xl50mL) . The combined EtOAc extracts were extracted 
with 10% RjCOs (4x30mL) . The combined KsCOj layers were washed with Etp 
(2xl00mL) . To the remaining K2CO, solution, added EtOAc (200mL) and the 
solution was acidified to pH 2 at 0«C. After saturated with NaCl, the two 
layers were separated. The aqueous layer %ms extracted %d.th EtGAc 
(3xl00nkL) . The combined EtOAc solution was dried and evaporated to give 
pure 2- (R)-allyl-8uccinic acid 4-t-butyl ester, MS: 2X5 (M+R*) . 

ixaaple 51 

Conpoxmd of formula (hh) 
To a solution of 2- (R) -allyl- succinic acid 4-t-butyl ester (5 g, 
0.00234 mol), 9-(S)-amino-4-oxa-l,7-diaza-tricyclot9.6.1.0"'"Joctadeca- 
11(18) ,12,14, l6-tetraen-8*one (6,38 g, 0.00234mol) in 50 mL CNF added HOBT 
(3.47 g, 0.026 mol), DMAP (80 mg) , N-methylmorpholine (2.84 g, 0.028 mol), 
and EDCI (6.69 g, 0.035 mol) . The mixture was stirred at room tenure ture 
overnight. The reaction mixture was diluted with StOAc (300 mL) and washed 
with brine (2xl00mL) , saturated NaHCO, (2xl00mL) and brine (IxlOOmL) , and 
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dried (MgS04) . Removal of the solvents gave 9 g of crude product. Column 
chromatographic purification (50% BtOAc/CH2Cl2) gave 7.5 g f pure (3R,9S)- 
3- (e-oxo-4-oxa-l , 7-diaza-tricyclo [9.6.1. 0*^"] octadeca-11 (18) 12 , 14, 16- 
tetraen-9-yl carbamoyl) -hex- 5- enoic acid t-butyl ester, MS: 469 (M*). 

Bxajsple 53 

Conpo\md of formula (11) 
The compound obtained from Exon^le 51 (1.5 g, 3.2 mnol) , m-lodophenol 
(0.70g, 3.2 nmol) , NaHCOj (0.672 g, 8 mnol), n-tetrabutylamraonlum chloride 
(0.89 g, 3.2 mmole) and Pd(0Ac)2 (72 mg) in lOmL DMF was heated for 15 
minutes at 90 «C. The solution was diluted with 50 mL BtQAc, and washed 
with brine (4x25mL) , dried and evaporated. The crude product was purified 
by column chromatogrphy (50% BtOAc/CBtCl,) to give 1.5 g of (3R, 9S) -3- (8- 
oxo-4-oxa-l, 7-dlaza-trlcyclo [9.6 . l .0'^*^] octadeca-11 (18) , 12, 14 , l6-tetraen-9- 
ylcarbamoyl) -6- (3-hydroxyphenyl) -hex-5-enolc acid t-butyl ester, MS: 562.4 
(M+H) * . 

Bxaaple 53 

Compounds of formula (Iv*) 
The compound obtained from Example 52 (1.5 g) in 40mL EtOB was 
hydrogenated with 1*4 g Pd/C (10%) for 12 hours. The solution was filtered 
through a pad of Celite, washed with EtOB (lOmL) . The filtrate was 
evaporated to give 1.34 g (89%) of (3R, 9S) -3- (8-oxo-4-oxa-l,7-dlaza- 
tricyclo [9.6.1. 0"-"] octadeca- 11 (18 ) , 12 , 14 , 16-tctraen- 9-ylcarbamoyl ) -6- (3 - 
hydroxyphenyl) -hexanolc acid t-butyl ester, MS: 564.2 (M+B)'*'. 

Bxa^le 54 

Compounds of formula (Iv) 
The conqpound obtained from Example 53 (1.34 g, 0.0024 mol) and 
thioanisole (2.58 g, 0.024 mol) in 15 mL 30% TFA/CBjCl} were stirred at room 
tenperature for 1.5 hours. The solvents were removed. Toluene (50mL) was 
added to the remaining residue, and then removed under reduced pressure. 
The procedure was repeated several times to remove any remaining TEA. The 
remaining solid residue was stirred in hot BtOAc (lOmL) for 10 minutes, 
cooled to room temperature and filtered and washed with ether to give 400 
mg of pure (3R,9S) -3- (8-oxo-4-oxa-l,7-dlaza-trlcyclo [9.6. 1.0*^"] octadeca- 
11 (18) , 12, 14, 16-tetraen-9-yl -carbamoyl) -6- (3-hydroxyphenyl) -hexanolc acid, 
MS: 508.2 (M*i-H)'*^. 

Following the procedures as described in Examples 51-54, the 
following conpoimds are similarly prepared: 

(3R, 9S) -6- (4 -hydroxy-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
trlcycl [9.'.1.0"-")octadeca-ll{18) ,l2,l4,16-tetraen-9-yl-carbamoyl)- 
hexanoic acid, MS: 562.2 (M-R*) ; 

(3R,9S) -6- (4-methoxy-phenyl) -3- (B-oxo-4-oxa-l, 7-diaza- 
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tricycl [9.6.1.0"-"] ctadeca-ll(18) ,12^14, 16-tetraen-9-yl-carbainoyl)- 
hexanoic acid, MS: 520.1 (M^) ; 

(3R, 9S) -3- (e-oxo-4-oxa-l, 7-diaza-trlcyclo (9 .6.1. o"-"] octadeca- 
11(18) ,12,14,l€-tetraen-9*yl-carbaiRoyl) -6- [4- (3-piperidin-i-yl-propoxy) - 
phenyl] -hexanoic acid, KS: €31.1 (M-R*) ; 

(3R, 9S) -6- [4- (3-diiRethylamino-propoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7- 
diaxa-tricyclo [9.6.1. 0"-"] octadeca-ll (IB) , 12 , 14 , 16 -tetraen- 9 -yl- carbamoyl) - 
hexanoic acid, MS: 591.1 (M-H^) ; 

(3R, 9S) -6- [4- (2-diinethylamino*ethoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7- 
diaza-tricyclo [9 . 6.1. 0°-"] octadeca-ll (18) , 12, 14 , 16-tetraen-9-yl-car3Daiiioyl) - 
hexanoic acid, MS: 577.1 (H-IT) ; 

(3R, 9S) -6- <4-cyano-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9.6.1. O**-"] octadeca-ll (18 ) , 12 , 14 , 16- tetraen- 9-yl-carbamoyl) - 
hexanoic acid, MS: 515.1 (N-r) ; 

(3R,9S) -6-naphthalen-2-yl-3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9 . 6.1. 0^"] octadeca-ll (18) , 12 , 14 , 16 -tetraen- 9 -yl- carbamoyl) - 
hexanoic acid, MS: 542.3 (M-t-H^) ; 

(3R, 9S) - 3 - ( 8 -oxo-4 -oxa- 1 ,-7-diaza- tricycio [9.6.1. 0'*^"] octadeca- 
ll (18) ,12,14,16-tetraen-9-yl-carbamoyl) -6- <4 -pyrrol -1-yl -phenyl) -hexanoic 
acid, MS: 557 (M+H)*; 

(3R, 9S) -6- (4-hydroxy-3-methyl-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9.6.1. 0^"] octadeca-ll (18) , 12 , 14 , 16 -tetraen- 9-yl-carbamoyl} - 
hexanoic acid, MS: 522.3 (N+B'*') ; 

(3R, 9S) -6- (4 -amino-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9.6.1. O***"] octadeca-ll (18) , 12 , 14 , l6-tetraen-9-yl-carbamoyl) - 
hexanoic acid, MS: 505.1 (M-K*) ; 

(3R, 9S) -6- (4-acetylamino-phenyl) -3- ( 8 -oxo-4 -oxa- 1, 7-diaza- 
tricyclo [9.6.1. o"-"] octadeca-ll (18) , 12 , 14 , 16 -tetraen- 9-yl-carbamoyl) - 
hexanoic acid, MS: 547.8 (M-IT) ; 

(3R, 9S) -6- (4- (2-hydroxy-ethoxy) -phenyl] -3- (8 -oxo-4 -oxa- 1, 7-diaza- 
tricyclo [9.6.1. 0^"] octadeca-ll (18) , 12, 14, 16 -tetraen- 9-yl-carbamoyl) - 
hexanoic acid, MS: 550.1 (M-IT); and 

( 3R , 9S ) - 3 - ( 8 -oxo- 4 - oxa- 1 , 7 -diaza - tricyclo [9.6.1.0 "•"] octadeca- 
ll (18) ,12,14, l6-tetraen-9-yl-carbamoyl) -6- [4-(2-pyrrolidin-l-yl-ethoxy) - 
phenyl] -hexanoic acid, MS: 605.5 (Mi-H") . 

Bxas^le 55 

Compounds o£ formulae (Is) & (It) 
A. To a solution of 2- (R) -isobutyl-succinic acid 4-t-butyl ester (317 
mg, i.45inBol), 9 -amino- 4 -oxa- 1,7 -diaza- tricyclo (9. 6.1.0"*"] octadeca- 
ll (18) , 12, 14, 16 -tetraen- 8 -one (330 mg, 1.21 ramol) in 30 mL IMF added HOBT 
(163 mg, 1.2 innol) , vmP (50 mg) , M-methylmorpholine (0.16 mL, 1.45 innol) , 
and EDCX (348 mg, 1.8 mrool) . The mixture was stirred at room ten^rature 
overnight. After removal of DMF under reduced pressure, the residue ms 
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taken up in EtOAc (60 mL) and brine (20 mL) . The organic layer was washed 
with brine (2x50niL) and saturated NaRCO, (2x50tnL) and dried. After 
evaporation of the solvent, the crude product thus obtained ms pxurified on 
column chromatograph (30-50% EtOAc/CBiCla) to give 466 mg of pure (3R,9S)-5- 
iRethyl-3- <8-oxo-4-oxa-l, 7-diaza-tricyclo[9.6 .l.O^*^] octadeca- 
ii(l6)l2,l4,l6-tetraen-9-yl carbamoyl) -hexanoic acid t-butyl ester* 

B. The t-butyl ester cosqpound obtained from the above step (460 mg, 0.9 
mmol) was stirred in ISmL of a trifluoroacetic acid/methylene chloride 
solution at room ten^erature overnight. The solvents were removed. 
Methylene chloride was added to the remaining residue, and then removed. 
This procedure was separated several times to remove any remaining TFA. 
The resulting residue was crystallized from EtOAc/CB2Cl2/hexanes (4:1:3) to 
give 100 mg of (3R,9S) -5-methyl-3- (B-oxo-4-oxa-l,7-dia2a- 
tricyclo [9 . 6 .1.0"-"] octadeca-ll (18) 12 , 14 , l6-tetraen-9-ylcarbamoyl) -hexanoic 
acid, melting point, 193-194«C. 

Similarly prepared are the following con^unds: 
(3R|9S) -3-cyclobutylmethyl-N- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9.6.1. 0**-"] octadeca-ll (18 ) 12 , 14 , 16-tetraen-9-yl) -succinamic acid, 
MS: 456.2 (N-fH)"; 

( 3R , 9S ) - 3 - ( a - oxo- 4 -oxa- 1 , 7 -diaza- tricyclo [ 9 . 6 . 1 . o"-"! octadeca- 
ll (IB) 12, 14,16- tetraen- 9- ylcarbamoyl) -5-phenoxy-pentanoic acid, MS: 493 
(M*); 

(3R, 9S) -S- (4-chloro-phenoxy) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9.6.1. o"-"] octadeca- 11 ( 1 8 ) 12 , 14 , 16 - tetraen- 9-yl carbamoyl ) - 
pentanoic acid, MS: 526.3 (H-R-) ; 

(3R, 98) -3- (8 -oxo- 4 -oxa- 1 , 7-diaza- tricyclo (9 . 6.1. 0**-"] octadeca- 
ll (18) 12, 14, 16 -tetraen- 9-yl carbamoyl) -6-pyridin-4-yl-hexanoic acid, 
melting point, 190-193»C; 

(3R,9S) -3- (8-oxo-4-oxa-l,7-diaza-tricyclo(9. 6. 1.0^"} octadeca- 
ll (18) 12,14 «16-tetraen-9-yl carbamoyl) -5-phenyl-pentanoic acid, MS: 478.3 
(M+H)*; 

(3R, 9S) -3- (8-oxo-4-oxa-l, 7-diaza-tricyclo (9.6.1. 0"*"] octadeca- 
ll (18) 12,14, 16-tetraen-9-yl carbamoyl) -6 -phenyl-hexanoic acid, MS: 492.3 
(M^R)"^; and 

(3R, 9S) -S- (4-methoxy-phenyl) -3- ( 8 -oxo-4 -oxa- 1, 7-diaza- 
tricyclo [9.6,1. 0»-"l octadeca-ll (18) 12 , 14 , 16 -tetraen- 9-yl carbamoyl) - 
pentanoic acid, MS: 508 (M<fH)*. 

Kicaaple 56 

Conqpoimds of formula (lu) 
(3R, 9S) -6- [4- (3-hydroxy-propoxy) -phenyl] -3- (8-oxo-4- xa-1, 7-diaza- 
tricycl [9,6.1.0"-"] ctadeca-11 (18) 12,14,16-tetraen-9-ylcarbaraoyl) -hexanoic 
acid t-butyl ester (1.56 g, 2.5 mmol) was dissolved in 50mL EtOH saturated 
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with HCl. The mixture waa stirred at room temperature overnight. The 
solvent was then removed, and the crude product waa purified fay column 
chromatography (50% BtOAc/methylene chloride- 80% EtQAc/raethylene chloride) 
to give 0.88 g (59%) of pure (3R, 9S) -6- [4- (3-hydroxy-propoxy) -phenyl] -3- (8- 
oxo-4-oxa-l,7-diaza-tricyclo[9.6.1.0'^"] octadeca-ll (18) 12,14, l6-tetraen-9- 
ylcarbamoyl) -hexanoic acid ethyl eater, MS: 594.0 (M-fH)*^. 

Similarly prepared are the following conpounds: 

(3R, 9S} -5- (4-chloro-phenoxy) -3- (8-oxo-4-oxa-l, 7-diaza- 

tricyclo [9.6.1. 0'^"] octadeca-11 (18) 12 , 14 , 16 -tetraen-9-yl carbamoyl) - 

pentanoic acid ethyl ester, MS: 556.3 (Mh-) ; and 

(3R,9S) -3- (8-oxo-4-oxa-l,7-diaza-tricyclo[9.6.1.0(^'^] oetadeca- 

11(18) 12,14, 16-tetraen-9-ylcarbamoyl)-5-phenoxy-pent2uioic acid ethyl ester, 

MS: 521 (M*) . 

Bxaaple 57 

Coapoimds of formula (Iw) 

A. To (3R, 9S)-6-[4-hydroxyphenyl]-3-[8-oxo-4-oxa-l,7-diaza- 
tricyclo (9.6.1. o"-") octadeca-11 (18) , 12 , 14 , 16-tetracn-9-ylcarbamoyl) - 
hexanoic acid t-butyl ester (1.0 g, 1.72 nmol) in BKF (20mL) at 0»C was 
added 3-iodopropanol(363mg, 1.95 mrool) and cesium carbonate (636 mg, 1.95 
funol) . The mixtxire was then stirred at room temperature for 2.5 hours. 
DMF was removed under reduced pressure. The remaining residue was taken up 
in EtOAc (70mL) and brine (40inX«) . The EtOAc layer was washed with brine 
and dried (MgS04) . Removal of solvents to give pure (3R,9S)«6- [4- (3- 
hydroxy-propoxy) -phenyl] -3- [8-oxo-4-oxa-l, 7-diaza- 

tricyclo [9.6.1. o'^'^l octadeca-11 (18) , 12 , 14 ^ 16- tetraen-9-ylcarbamoyl) - 
hexanoic acid t-butyl ester (X.l g, 100%), MS: 622.4 (H<fH:^) . 

B. The compound obtained from the above step was then converted to the 
corresponding acid compound, (3R, 9S) -6- [4- (3-hydroxypropoxy) -phenyl] -3- [8- 
oxo-4 -oxa- 1 , 7 -diaza- tricyclo [9.6.1. 0"*"] octadeca-11 ( 18 ) , 12 , 14 , 16 - tetraen- 9 - 
ylcarbamoyl) -hexanoic acid, following the procedure as described in Example 
55B. The resulting compound had MS: 564.9 (M-IT) and 566.1 (M+R*) . 

Similarly prepared are the following compounds: 

(3R, 98) -6- [4- (2-methoxy-ethoxy) -phenyl] -3- [a-oxo-4-oxa-i, 7-diaza- 
tricyclo [9.6.1. o'^"] octadeca-11 (16) , 12, 14 , 16 -tetraen- 9 -ylcarbamoyl) - 
hexanoic acid, MS: 564.2 (M-H*) ; 

(3R, 9S) -6- (4-benzyloxy-phenyl] -3- [8-oxo-4-oxa-l, 7-diaza- 
tricyclo 19 .6.1. o'^"J octadeca-11 (18) , 12, 14 , 16 -tetraen- 9 -ylcarbamoyl) - 
hexanoic acid, MS: 598.3 (M+H*) ; 

(3R,9S)-6-[4-(4-amino-but xy) -phenyl] -3- [8- x *4-oxa-l,7-diaza- 
tricyclo (9.6.1. o"-"] octadeca-11 (IB) , 12 , 14 , 16 -tetraen- 9 -ylcarbamoyl) - 
hexanoic acid, MS: 579.3 (M^flf) ; and 
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(3R, 9S) -3- (8-oxo-4-oxa-l, 7-dia2a-tricyclo (9 . 6 . 1. o"-"] octadeca- 
11 (18) , 12, 14 , 16-tetraen-9-ylcarbaraoyl) -6- [4- (pyrldin-4-ylmethoxy) -phenyl] - 
hexanoic acid, MS: 599.2 , melting point, 169. 5-171. 2»C. 

Bmnple 58 

Compovinds of Pornula (I) wherein m and n are 2; 
A is oxygen; R' is -C^-R* where R^ 
is hydroxyaminocarbonyl 
(3R, 9S) -3- (8-oxo-4-oxa-l,7-diaza-tricyclo[9,6.1.0"•"]octadeca- 
ll(18) ,12,l4,16-tetraen-9-ylcarbamoyl)-6-pyridin-4-yl) -hexanoic acid was 
coupled with O-benzylhydroxyamine according to the procedure described in 
Example 36 to give OR, 9S) -N-b6nzyloxy-3- (8-oxo-4*oxa-l, 7-diaza- 
tricyclo [9-6.1. 0**-"] octadeca-11 (18) , 12, 14 , 16-tetraen-9-ylcarbamoyl) -6- 
pyridin-4-yl) -hexanamide. Following the procedure described in Example 37, 
this compound was further converted to (3R, 9S) -N-hydroxy-3- (8-oxo-4-oxa- 
l, 7-dia2a- tricyclo [9 .6 .1.0"-"] octadeca-11 (18) ,12, 14 , 16-tetraen-9- 
ylcarbamoyl)-6-pyridin-4-yl) -hexanamide, MS: 506 (M+H)*; melting point: 
224-225»C. 

Sxanple 59 

Salts- of Compovinds of Formula (Z) 
(3R,9S)-3-(8-oxo-4-oxa-l,7-dia2a-tricyclo[9.6.1.0"'"] octadeca- 
11 (18) , 12 (17) ,13, 15-tetraen-9-ylcarbamoyl) -6-pyridin-4-yl -hexanoic acid was 
converted to the corresponding trifluoroacetic acid salt by stirring the 
confound in 15% trifluoroacetic acid/methylene chloride for 10 minutes. 
The solvents were removed. Methylene chloride was added to the residue. 
The solvent was then removed. This procedure was repeated several times to 
remove any trace of trifluoroacetic acid. The product obtained has melting 
point of 158-160«C. 

Similarly prepared are the following conpoudns: 

(3R, 98) - 3- ( 8 -oxo-1, 7 -diaza- tricyclo [9.6.1. 0«'"1 octadeca- 
11 (18) , 12 (17) , 13 , 15- tetraen- 9 -ylcarbaraoyl) -6 -pyridin-4-yl -hexanoic 
acid trifluoroacetate salt; 

{ 3R , los ) - 3 - ( 9 -oxo- 1 , 8-diaza- tricyclo [10.6.1. o"-"] nonadeca- 

12 (19) , 13 (18) , 14 , 16-tetraen-lO-ylcarbamoyi) -6-pyridin-3-yl-hexanoic 
acid trifluoroacetate salt; and 

(3R,10S) -3- (9-oxo-i, 8-diaza-tricyclo(10.6.l.0'*•"lnonadeca- 
12{l9) ,13(18) ,14, 16-tetraen-l0-ylcarbamoyl)-6-pyridin-4-yl-hexanoic 
acid trifluoroacetate salt. 
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BxanpXtt 60 

Conversion o£ Salts of Corapounda of Formula (I) 
to the Corresponding Free Base 
(3R,9S) -Ethyl-3- {B-oxo-4-oxa-l, 7-dia2a-tricyclo(9.6.1.0"'"] octadeca- 
11 (18) ,12, 14, 16-tetraen-9-ylcarbamoyl) -6-pyrldin-4-yl-hexanoate 
hydrpchloride salt was stirred in caSi^lt/a^tyrcdited NajCO) for 10 minutes. 
The organic layer was separated, dried, and evaporated. The crude product 
was crystallized from CBjClj/hexanes to give (3R,9S> -ethyl-3- (8-oxo-4-oxa- 
1, 7-diaza-tricyclo [9 . 6,1. o"-"] octadeca-11 (18) , 12, 14 , 16-tetraen-9- 
ylcarbamoyl) -6-pyridin-4-yl-hexanoate, melting point 203-205OC. 

Bacaaple 61 

This example illustrates the preparation of representative 
pharmaceutical compositions for oral administration containing a cooqpound 
of formula (I), or a pharroaceutically acceptable salt thereof, e.g., 
(312,105) -N-hydroxy-5-methyl-3- <9-oxo-l, 8-dia2atricyclo[10. 6 .1.0**") - 
nonadeca-12(l9) ,13(18) ,i4,l$-tetraen-l0-ylcarbanoyl)hexanamide: 



A. Inorgdients % w^./Wt. 
Confound of formula (Z) 20.0% 
Lactose 79.5% 
Magnesium stearate 0.5% 

The above ingredients are mixed and dispensed into hard-shell gelatin 
capsules containing 100 mg each, one capsule would approximate a total 
daily dosage. 

B. IncrredientB ^ wti/w^. 
Compound of formula (I) 20.0% 
Magnesixim stearate 0.9% 
Starch 8.6% 
Lactose 79.6% 
PVP (polyvinylpyrrolidine) 0.9% 

The above ingredients with the exception of the magnesium stearate 
are combined and granulated using water as a granixlating liquid. The 
formulation is then dried, mixed with the magnesium stearate and formed 
into tablets with an appropriate tableting machine. 

C. ^OTg^djrCTVff 

Compound of formula (I) O.l g 

Propylene glycol 20.0 g: 

Polyethylene glycol 400 20.0 g 

Polysorbate 80 1.0 g 

Hater q.e. 100 mL 

The compound of f rmula (I) is dissolved in propylene glycol, 
polyethylene glycol 400 and polysorbate 80. A sufficient quantity of water 
is then added with stirring to provide 100 mL of the s lution which is 
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filtered and bottled. 

D. Inoredienta ^ wti/yt, 

CoRQ>ound of formula (I) 20.0% 
Peanut Oil 78.0% 
Span 60 2.0% 
The above ingredients are melted, mixed and filled into soft elastic 
capsules . 

Bxaaple 62 

This exanqple illustrates the preparation of a representative 
pharmaceutical formulation for parenteral administration containing a 
compound of formula (I) , or a pharmaceutically acceptable salt thereof, 
e.g. , <3A,115) -N-hydroxy-5-roethyl-3- (10-oxo-l, 9-diazatricyclo- 
[11.6.1. 0**'^ eicosa- 13 (20 14 (19) , 15 , 17-tetraen- ll-ylcarbamoyl) hexanamide : 
Ingredients 

Coiqpo\xnd of formula (I) 0.02 g 

Propylene glycol 20.0 g 

Polyethylene glycol 400 20.0 g 

Polysorbate 80 1.0 g 

0.9% Saline solution q.s. 100 mL 

The compound of formula (X) is dissolved in propylene glycol, 

polyethylene glycol 400 and polysorbate 80. A sufficient quantity of 0.9% 

saline solution is then added with stirring to provide 100 mL of the I.V. 

solution which is filtered through a 0.2 m membrane filter and packaged 

under sterile conditions. 



63 

This exan^le illustrates the preparation of a representative 
pharmaceutical .composition in suppository form containing a compound of 
formula (I), or a pharmaceutically acceptable salt thereof, e.g., (105) -2 - 
mercaptoroethyl-4-raethyl-W- (9-oxo-l,8-diazatricyclo- [10.6.1.0""lnonadeca- 
12 (19) ,13 (IB) , 14, i6-tetraen-10-ylcarbamoyl)pentanamide: 

Conpotind of formula (I) 1.0% 
Polyethylene glycol 1000 74.5% 
Polyethylene glycol 4000 24.5% 
The ingredients are melted together and mixed on a steam bath, and 
poured into molds containing 2.5 g total might. 



64 

This example illustrates the preparation of a representative 
pharmaceutical formulation for insufflation containing a compound of 
fonmila (I), or a pharmaceutically acceptable salt thereof, e.g., (lOS)- 
methyl-2- (9- xo-1, 8-diazatricyclo- [10,6.l.0"")nonadeca-12 (19) ,13(18) , 
14,16- tetraen- 10 -ylcarbamoyl ) pentyl - (quinolin- 2 - ylthiomethyl ) phosphinic 
acid: 
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Inarcdigntfl t 
Nlcronized con^^ound f £ nnula (I) 1.0% 
Mlcronized lactose 99.0% 
The ingredients are milled, mixed, and packaged in an insufflator 
equipped with a dosing 

Bxaaple 65 

This example illustrates the preparation of a representative 
pharmaceutical formulation in nebulized form containing a compound of 
formula (I), or a pharmaceutically acceptable salt thereof, e.g., (312,105)- 
N-hydroxy-5-methyl-3- {9-oxo-l, 8-diazatricyclo- [I0.6.1.0«^"jnonadeca- 
12(19) ,13(1B) ,i4,l6-tetraen-l0-ylcarbamoyl)hexanamide; 

lOTr?<tj,ffltg % %ft./wt. 

Compound of formula (I) 0.005% 
Water 69.995% 
Bthanol 10.000% 
The compoimd of formula (I) is dissolved in ethanol and blended with 
water. The formulation is then packaged in a nebulizer equipped with a 
dosing pump. 



This example illustrates the preparation of a representative 
pharmaceutical formulation in aerosol form containing a confound of 
formula (I), or a pharmaceutically acceptable salt thereof, e«g. , (3R,115) 
W-hydroxy-5-methyl-3- (10-oxo-l, 9-diazatricyclo [11 .6 .1 . 0»**^ eicosa- 
13(20) ,14(19) ,15, l7-t€traen-ll-ylcarbamoyl)hexanamide: 

XnqyggAmtP % wt,/wt. 

Compound of formula (I) 0.10% 

Propellant 11/12 96.90% 
Oleic acid 1.00% 

The compound of formula (X) is dispersed in oleic acid and the 

propellants. The resulting mixture is then poured into an aerosol 

container fitted with a metering valve. 



example 67 
In vitro assay 

Fibroblast type I collagenase was purified from the serum- free 
culture meditun of GMOOlOA cells, stimulated with PMk, by heparin and zinc- 
chelating sepharose columns followed by FPLC (M(3K0 S column) . The enzyme 
was activated by incubation with trypsin. 

Type rv collagenase was purified from the serum- containing culture 
medium of fibroblast (GMOOlOA) cells by zinc -chelating and gelatin- 
sepharose c lurans, f llowed by FPXX: (MONO S column) . The enzyme was shown 
to be homogeneous by SDS-PASE. The enzyme was activated by incubation with 
1 ramol APMA for 1 hr at 35-37*C. 
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CoB^)Ounds of formula (I) were dissolved In DMSO and added to a 
cuvette containing 0.2 us Type I r 0.03 m9 Type IV collagenaae in 1 ml TC 
buffer (20nM Tris, 5mM CaClj, pH 7,5) (2% OKSO final concentration). The 
concentrations of the compounds of formula (I) were chosen such that there 
was at least one data point for every 20% change in activity. Enzyme and 
conq^unds %fere permitted to pre-incubate 3 min at 37»C. To initiate the 
reaction, N- (7 -dimethylamino*4 •methyl ) couraarinyl ("DACM") (Sigma) and 
thiopeptide (Ac-Pro-Leu-Gly-S-"Leu"-Leu-Gly-OEt, Bachem Bioscience Inc.) 
were added to 20 uH each. The fluorescence was recorded with excitation 
and emission wavelengths of 395 and 485 nm, respectively. Each data point 
is the average of duplicate esqperiments . At least six data points, 
e9q>res8ed as change in fluorescence per minute versiis confound 
concentration were analyzed using the IC» fit in the program, Bnzfitter. 

CoB^imds of formula (I) exhibited the ability to inhibit the 
collagenases when tested in this assay. 

Example 6S 

In vitno assay 

This assay determines if the con^Knmds of formula (I) inhibit the 
release of ^S- labelled glycosaminoglycans (GAG*s) from cartilage e3q>lants. 

Small cartilage explants <3 mm diameter) were prepared from freshly 
sacrificed bovine knee joints and labeled with ''S- labelled 

glycosaminoglycans (GAG's) are released into the culture medium in response 
to the addition of rhIL-l-alpha, which induces the expression of 
chondrocyte matrix metalloproteases (MMP*s), including stromelysin and 
collagenase. The percent inhibition of labeled QAO's «ras corrected for 
spontaneous release in the absence of rhlL-i-alpha. Results for each group 
represent the mean t the S.E.M. for five explants. 

Compounds of formula (I) , when tested in this assay, displayed the 
ability to inhibit the release of ^S-labelled GAG's from cartilage 
e3q)lant8 . 

Bxasqple €9 
In vitro assay 

An in vitro fetal rat long bone model was used to study the anti-bone 
resorptive effect of the compounds of formula (I) . Bovine PTH was used to 
induce bone resorption in vitro. The bone resorptive effects were 
expressed by the amounts of ^Ca released from the ^Ca pre- labelled fetal 
rat long braes into the culture medium. The inhibitory effect of the 
compounds of formula (I) against bovine PTH induced bone resorption was 
expressed as mean percent inhibition ± sem. 

^Ca-prelabelled fetal rat long bones (from forearms) were dissected 
and cultured in Linbro dishes at 37<»C overnight BGJb medium, supplemented 
%irith Img/ml BSA. There were five pairs f bones in each group. The 
compounds of formula (I) were dissolved in ethanol first, then diluted to 
various concentrations and added simultaneously with Bovine PTH (1-34) at 
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1x10^ on Day i. The ethanol concentrations in the compound solutions %fere 
less than 0.05% which did not interfere with the assay. The assay %fas 
terminated on Day 6 with one media change on Day 3. 

At the end of each medium change « the ^Ca present in the cultiure 
medium ras counted. The remaining bones were digested with O.lN BCl and 
the .^Ca presented in the bone digest was also counted. The results are 
expressed as % of the total ^Ca released from each pair of bones. Bovine 
PTH at IxlO^ induces bone resorption to the maximum level ii^ch is set as 
100% and this concentration was used as standard. The level of base line 
bone resorption in the presence of medium only was set as 0%. All 
con^und-treated groups were compared with bovine PTR (1-34) at 1x10"^. 
The concentration at which a conpoimd inhibited bone resorption by 50% was 
defined as ICso- 

The confounds of formula (Za) exhibited the ability to inhibit bovine 
PTH- induced bone resorption in this assay. 

Kscaaple 70 
In vitro Assay 
A. Isolation of MMPs for Assays 

The catalytic domain of human collagenase-1 was eaqpressed as a fusion 
protein with xibiguitin in E. Coli (Oehring« E.R. et al., J. Biol. Chem., 
270, 22507, (1995)). After purification of the fusion protein, the 
fibroblast collagenase-1 catalytic domain %fas released by treatment with 
InM of aminophenylmercuric acetate (APHA) for 1 hour at 37«C and purified 
by zinc chelate chromatography. 

Human collagenase-2 and gelatinase B were isolated in active form 
from buffy coats (Mookhtiar, K.A. et al.« Biochemistry, 29, 10620, (1990)). 

The propeptide and catalytic domain portion of human collagena8e-3 
was expressed in E. Coli as an N- terminal fusion protein with ubiquitin. 
After purification, the catalytic domain was obtained by treatment with imN 
APMA for 1 hour at 37«C, and purified by zinc chelate chromatography. 

Rat collagena8e-3 was purified in active form from the culture media 
of uterine smooth muscle cells (Roswit, W.T. et al.. Arch. Biochem. 
Biophys., 225, 285-295 (1983)). 

The catalytic and f ibronectin-like portion of human progelatinase A 
was expressed as a fusion protein with ubiquitin in E. Coli. Assays %rere 
carried out on autolytically activated material. Rat progelatinase A was 
purified from the culture media of interleu)cin-l stimulated keratinocytes 
and activated by treatment with ImM APMA for 1 hour at 37«C, and 
subsequently dialyzed to remove excess AFKA. 

Human prostromelysin-1 was purified from the culture mediiua of 
synovial fibroblasts by affinity chromatography using an immobilized 
monoclonal antibody. The zymogen was activated by treatment with trypain 
(1.5 fig/wl) for 1 hour at 23<»C to give a mixture of 45 and 28 kD species. 
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The catalytic domain f human stromelyain was prepared by e3q)re8sion and 
purification £ prostromelysin-l from B. Coli and activated with inM APMA 
for 1 hour at 37«C, followed by dialysis* Rat prostromelysin-i was 
expressed in Chinese Hamster Ovary cells and purified from the culture 
media. It %ras activated by inM Mffk for l hour at 37«c« followed by 
dialysis . 

Human promatrilysin was expressed and purified from Chinese Hamster 
Ovary cells (Bamett, J. et al.« Prot. Bxpres. Pur., 5, 21, (1994)). The 
zymogen was activated by treatment with InM ASHk for 1 hour at 37*C, and 
purified by zinc chelate chromatography. 

Confounds of formula (I) exhibited the ability to inhibit the 
collagenases when tested in this assay. 

B. In Vitro Assay Procedure 

Assays were performed in assay bixffer (50mM Tricine pH 7.5, 200 mM 
sodium chloride, lOnM calcium chloride, 0.005% Brij-35) containing 2.5% 
methyl sulfoxide (WSO) once the substrate and inhibitor mre diluted into 
it. Steele solutions of inhibitors were prepared in 100% mso. Stoc)c 
solutions of the substrate were prepared in 100% DKSO at a concentration of 
2 nM. 

The assay method was based on the hydrolysis of MCA-Pro-Leu-Gly-Leu- 
DPA-Ala-Arg-NH, (Bachem, Inc.) at 37»C (Knight, CO. et al,, FBBS, 296, 
263-266 (1992)). The fluorescence changes ware monitored with a Perkin- 
Blmer XiS-50B fluorimeter using an excitation wavelength of 328 nro and an 
emission wavelength ot 393 nm. The substrate concentration, [S] , used in 
the assays was lO^M. The inhibitor was diluted into the assays from 
solution in 100% DHSO and controls substituted an equal volume of DMSO so 
that the final DMSO concentration from inhibitor and substrate dilutions in 
all assays was 2.5%. The inhibition results are e^ressed as the inhibitor 
concentration that produced 50% inhibition (IC») of the activity in the 
control (non-inhibited) reaction. 



A 8.8 nM 

B 4.2 nM 

C 0.7 nM 

D 3.9 nM 

E 4.8 nM 

F 0.9 nM 



(3R, 9S) - 3- (e-oxo-4-oxa-l, 7-diaza-tricyclo [9-6.1, o"*"] oetadeca- 
11(18) ,12,14, l6-tetraen-9-ylcarbamoyl) -6-pyridin-4-yl-hexanoic acid 

(3R, 9S) - 3- (8-oxo-l, 7-diaza-tricyclo [9.6.1. o'*-"] octadeca- 



W 96A23791 



-99 



PCTAJS96/01506 



11(18) ,12 (17) ,l3,15-tetraen-9-ylcarbanioyl) -6-pyridin-4-yl-hexanoic 
add 

C: OR, 9S) [4- (2-inttthoxy-ethoxy)phenyl] -3- (8-oxo-4-oxa-l, 7-diaza- 

tricyclo (9.6.1. 0"-"] octadeca-11 (18) , 12 , 14, 16- tetraen-9-ylcarbainoyl) - 
. hexanolc acid 

D: (3R, 9S) -6- (4-methoxy-phenyll -3- (8-oxo-4-oxa-l, 7-diaza* 

tricyclo[9.6.1.0**-"]octadcca-ll(18) ,l2,14,16-tetraen-9-ylcarbainoyl) - 
hexanolc acid 

B: (3R, 98) -6- (4- (2-hydroxy-ethoxy) -phenyll -3- (e-oxo-4-oxa-l, 7-dlaza- 

tricyclo [9 . 6 . 1 . 0"**^] octadeca-11 (18 ) , 12 , 14 , 16- tetraen- 9-ylcarbaraoyl ) - 
hexanoic acid 

P: (3R,9S)-6- [4- (3 -hydroxy-propoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9.6.1. 0*^"] octadeca-11 (18 ) , 12 , 14 , 16-tetraen-9-ylcarbainoyl) - 
hexanoic acid 

Ueaapla 71 
In Vitro Aaaay 

This aasay determines the ability of the compounds of formula (I) to 
inhibit the degradation of the collagen matrix (as judged by release of 
hydroxyproline) , and proteoglycan (as judged by the release of ''S-labelled 
glycosaminoglycans) from cartilage explants. 

Small cartilage explants (3mm diameter) were prepared from freshly 
sacrificed bovine Icnee joints and labelled with ^804. ^S-labelled 
glycosaminoglycans (GA6*8) and collagen fragments are released into the 
culture medium in response to the addition of rhIL-l-alpha, which induces 
the expression of chondrocyte matrix metalloproteases (MMP's), including 
stromelysin and collagenaae. The percent inhibition of hydroxyproline and 
(3AG's released was corrected for spontaneous release in the absence of 
rhIL-l-alpha. 

Compounds of formula (I) , when tested in this assay, displayed the 
ability to inhibit the release of both collagen fragments and "s-labelled 
GAO's from cartilage explants. 

Bxample 72 

In Vitro Assay 

The cartilage plug implantation assay measures the destruction of the 
collagen matrix of a cartilage plug implanted in a rat (Bishop, J. et al., 
J. Pharm. Tox. Methods, 30, 19, (1993)). 

Previously frozen bovine nasal cartilage plugs weighing approximately 
20 mg were embedded in polyvinyl sponges impregnated with Hycobacteriw 
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tubercul sis and implanted subcutaneouBly in female Lewla rats. Dosing was 
begun 9 days after in^laziation and plugs were harvested about one week 
later. The plxigs were mighed, hydrolyzed* and the hydroxyproline content 
measured. Efficacy was determined by the comparison of the compound- 
5 treated groiq>s with vehicle treated controls. 

The confounds of fonmila (I) exhibited the ability to inhibit the 
degradation of the cartilage plugs in this assay. 

■xample 73 

10 Toxicity 

Female rats were administered oral doses of 75 and 200 mg/Kg/day of 
(3R, 9S) -3 - ( 8 -oxo-4 -oxa-1, 7-diaM- tricyclo 19 . 6 . 1 . 0**-"] octadeca- 
11(10) ,12,14, 16-tetraen-9-ylcarbainoyl)-6-pyridin-4-yl-hexanoic acid for 10 
days. No treatment related pathological changes were present at either of 

15 the doses given. 
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HBKT IS CLakTinin iss 

1. A compound of £oninila (I) as a single atereoisomftr or ae a 
mixtxire of stereolaomera : 




n^erein: 

m is 2, 3, 4, S, or 6; and 

n is 0, 1, 2, 3, or 4; such that: 

when m is 2, 3 or 4; n is l« 2, 2, or 4; and 

A is -CH,-* or -N(R")-, where R" is hydrogen or alkyl; 

R' is a) -CH2-R* where R^ is nercapto, acetyl thio, carboxy, 

aminocarbonyl, N-hydroxyfomylamixio, alkoxycarbonyl , 
aryloxycarbonyli aralkoxycarbonyl » 
benzyloxyaminocarbonyl « or 

0 




in which R^ is optionally substituted aryl, wherein the 
aryl groxxp is quinol-2-yl, naphth-l-yl, naphth-2-yl, 
pyridyl or phenyl; 

b) -CH(R^)-R* where R^ is alkyl, hydroxy, amino, alkylamino, 
arylamino , alkylsulphanylamino , aralkyl sulphonylamino , 
alkoxycarbonyl, aminocarbonyl, aralkyl or carboxy; or R^ 
is -CHjNHR, where R is hydrogen, alkyl, aryl, 
2-benzoxazole, -SC>|R*, -SO^HHR", -SQ^R\ -C(0)R* -C(0)MHR*, 
-C(0)OR*, where R* is alkyl, trif Iwromethyl, aryl, 
aralkyl, aralkenyl or arylcarbonylaminoalkylaryl ; and R' 
is carboxy, hydroxyaminocarbonyl, alkoxycarbonyl or 
aralkoxycarbonyl ; or 

c) -NH-CH{R')-R" where R* is hydrogen, alkyl or aralkyl, and 
r"* is carboxy, alkoxycarbonyl or aralkoxycarbonyl, 
phosphonyl, dialkylphosphonyl , or methoxyphosphonyl ; 
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is allcyl, alkenyl, trifluoromethylallcyl, cycloaDcyl, 
cycloalkylalkyl, hydroxyallcyl , alkoxyalkyl, aralk xyalkyl, aryl, 
aryloxyalkyl or aralkyl; and 

R' 1b hydrogezii hydroxy, halo, alkyl, allcoxy or aralkoxy; 

when n is 0; m ie 4, 5 or 6; and 

A is -CH(R*^)- where r" is carboxy, alkoxycarbonyl 
or optionally substituted carbamoyl ; and 

R*, R^ and r' are as defined above; 
or a pharmaceutically acceptable salt thereof. 

2. The compound or salt of Claim 1 %^erein n is 1, 2 or 3; m is 2 
or 3; and A is -CHi-. 

3. The confound or salt of Claim 2 wherein n is 2; R' is -CB|-R*; 
and r' is hydrogen, 

4. The compound or salt of Claim 3 irtierein R^ is alkyl, 
cycloalkyl, cycloalkylalkyl or aralkyl; and R^ is carboxy, alkoxycarbonyl 
or hydroxyaminocarbonyl « 

5. The 3A,105 stereoisomer of the conq;»ound or salt of Claim 4 
wherein R^ is biphenylpropyl ; and R* is carboxy; namely (3R, lOS)-6- 
(biphenyl - 4 -yl ) - 3 - ( 9 -oxo- 1 , 6 -diazatricyclo [10.6.1. O***") nonadeca* 

12 (19) ,13(18) ,14, l€-tetraen-10-ylcarbamoyl)hexanoic acid. 

6. The 3R,10S stereoisomer of the conqpoxind or salt of Claim 4 
wherein R^ is thien-2-ylethyl; and R^ is carboxy; namely (312, 105) -3- (9-oxo- 
1, 6 -diazatricyclo [10 . 6 . 1 . 0" "] -nonadecal2 (19) , 13 (16) , 14 , i6-tetraen- 

10 -yl carbamoyl) -5- (thiophen-2-yl)pentanoic acid. 

7. The 3R,10S stereoisomer of the compound or salt of Claim 4 
wherein R^ is cyclopentyl; and R^ is carboxy; namely (3R,105) -3-cyclopentyl- 
3- (9-oxo-l,8-dia2atricyclo [10.6.1.0"'"] -nonadecal2 (19) ,13 (18) , l4,l6- 
tetraen-10-ylcarbamoyl)propionic acid. 

B. The 3R,105 stereoisomer of the compoimd or salt of Claim 4 
wherein R' is cyclopentylmethyl ; and R^ is carboxy; namely (3R,105)-4- 
cyclopentyl-3 - (9-oxo-l , B-diazatricyclo [10 . 6 . l . 0"*"1 - 
nonadecal2 (19) , 13 (18) , 14, l6-tetraen-l0-ylcarbamoyl)butanoic acid. 

9. The 3R,10S stere isomer of the compound or salt of Claim 4 
wherein R^ is cycl propylmethyl ; and R^ is carboxy; namely (3R,i05)-4- 
cyclopropyl-3- ( 9-oxo- 1 , B-diazatricyclo [10,6.1. 0""] - 
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nonadecai2 (19) ,13 (18) ,l4,16-tetraen-l0-ylcarbainoyl)toutanolc acid. 

10. The 3ft, 105 stereoisomer of the compound or salt o£ Claim 4 
wherein is cyclopentylmethyl ; and is ethoxycarbonyl or 
isopropoxycarbonyl . 

11. The 3R, 105 stereoisomer of the con^und or salt of Claim 3 
wherein R* is cyclopentylmethyl; and R* is N-methylpiperid-4-yl-oxycarbonyl 
or isopropoxycarbonyl. 

12. The 3R,105 stereoisomer of the compound or salt of Claim 3 
wherein V? is 2-methylpropyl; and R* is N-methylpiperid-4-yl-oxycarbenyl, 
dimethylaminoethylcarbamoyl, or N-hydroxy£ormylamino. 

13. The coni>o\md or salt of Claim 2 wherein R* is -CH^-R^; R^ is 

2- metbylpropyl; and R' is hydrogen; in which R^ is carboxy, 
N-hydroxyaminocarbonyl, or N-hydroxyf ormylamino . 

14. The 3R,105 stereoisomer of the compound or salt of Claim 13 
wherein n is 2; and R* is carboxy; namely {3R.l05)-5-methyl-3-{9-oxo-l,8- 
diazatricyclo- [I0.€,1.0'*-**)nonadeca-12 (19) ,13 (18) ,14,l€-tetraen- 
l 0 - ylcarbamoyl ) hexanoi c acid . 

15. The 3Je,105 stereoisomer of the con9>ound or salt of Claim 13 
wherein n is 2; and R* is N-hydroxyaminocarbonyl; namely (3R,105)-N- 
hydroxy-5-methyl-3- (9-oxo-l, 8-diazatricyclo- tlO.6 .1. O**-"] -nonadeca- 
12(19) ,13(18) , 14 , 16-tetraen-10*ylcarbamoyl) hexanamide . 

16. The 3R,115 stereoisomer of the compound of Claim 13 wherein; n 
is 3; and R^ is N-hydroxyaminocarbonyl; namely (3R, 115) -N- hydroxy- 5 -methyl - 

3- (10-oxo-l, 9-diazatricyclo [11.6 . 1 . 0"'*] eicosa-13 (20) , 14 (19) , 15, 17- 
tetraen- 11 -ylcarbamoyl ) hexanamide . 

17. The 3R,95 stereoisomer of the compound of Claim 13 wherein n is 
1; and R* is carboxy; namely (3R,95) -S-methyl-3- (8-oxo-l,7-diazatricyclo- 
[9 . 6 . 1 . 0"-"l octadeca-ll (18) , 12 (17) , 13 , 15-tctraen-9-ylcarbamoyl> hexanoic 
acid. 

18. The 3R,95 stereoisomer of the compound of Claim 13 wherein n is 
1; and R* is N-hydroxyaminocarbonyl; namely (3R,95) -W-hydroxy-5-methyl-3- 
(8-oxo-l , 7-diazatricyclo- [9.6.1.0"-"] octadeca-11 (18) , 12 (17) , 13 , 15-tetraen- 
9-ylcarbamoyl) hexanamide . 



19. The compound r salt of Claim 2 wherein R' is -CH2*R*; R' is 
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2-metlxylpropyl; and is hydrogen; in which is mercapto r acetyl thio. 

20. The coeopound or aalt o£ Claim 19 wherein n is 2 and R^ is 
mercapto, namely (105) -2-mercaptomethyl-4-methyl -iir- (9-oxo-l, 8- 
diazatricyclo- [I0.6,i,o'^**]nonadeca-12 (19) ,13 (18) ,14, 16-tetraen- 
lO-ylcarbamoyl) pentanamide . 

21. The compound or salt of Claim 19 wherein n is 2 and R* is 
acetylthio, namely (105) -2-acetylthiomethyl-4-methyl-N- (9*oxo-l,8- 
diazatricyclo[10.6.l.0"'"]nonadeca-12(19) ,13(18) ,14,16-tetraen- 

1 0 -yl carbamoyl ) pentanamide . 

22. The campaimd or salt of Claim 2 wherein R' is 



where R* is optionally substituted aryl, wherein the aryl group is quinol- 
2-yl, naphth-l-yl, naphth-2-yl, pyridyl or phenyl. 

23. The compound or salt of Claim 22 irtierein n is 2 and R* is 
quinol-2-yl. 

24. The 105 stereoisomer of the compound or salt of Claim 23 
wherein r' is 2-methylpropyl, and R' is hydrogen, namely (105) - [4 -methyl *2 - 
{9-oxo-l, B-diazatricyclo [10 . 6 .1. O^'*] nonadeca-12 (19) , 13 (18) , 14, Ifi-tetraen- 
lOjsylcarbamoyDpentanamido] - <quinolin-2-ylthiomethyl)phosphinic acid. 

25. The compound or salt of Claim 2 wherein R^ is -CH(R^)-R*, labmre 
R^ is -CH^mR. 

26. The compound or salt of Claim 25 wherein n is 2; R is hydrogen, 
-C(0)OR*, -SO2R' or -C(0)KHRS where R* is allcyl; R' is 2-methylpropyl; R' is 
hydrogen; and R* is carboxy. 

27. The 3R,105 stereoisomer of the compound or salt of Claim 26 
wherein R is hydrogen, namely (3R,105) *2- (aminomethyl) -5-methyl-3- (9-oxo- 
1 , e-diazatricyclo [10 . 6 , 1 . o"-"] nonadeca-12 (19 ) , 13 (18) , 14 , 16-tetraen- 
lO*ylcarbamoyl}hexanoic acid. 

28. The 3R,105 stere isomer of the con9»ound or salt of Claim 26 
wherein R is -C(0)0CH3, namely (3R, 105) -2- (methoxycarbonylaminomethyl) -5- 
methyl-3 - ( 9-oxo-l , 8 -diazatricyclo- [10 . 6 . 1 . 0 nonadeca- 



0 
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12(19) ,13(18) ,14, 16-tetraen-10-ylcarbainoyl)hexanolc acid. 

29. The 3ie,lOS stereoisomer of the conpouod or salt of Claim 26 
wherein R is -SOjCH,, namely (312,105) -2- (methanesulfonamidomethyl) -5-methyl- 
3- (9-oxo-l, 8-diazatricyclo- [10 . 6 .1 . o"-") nonadeca-12 (19) , 13 (18) , 14, Ifi- 
tetraen-lO-ylcarbamoyDhexanoic acid. 

30. The 3R,X0S Stereoisomer of the compound or salt of Claim 26 
wherein R is -C(0)NHCH,CH„ namely (3R, lOS) -2- (3-ethyliu:eidomethyl) -5- 
methyl-3- (9-oxo-l , e-diazatricyclo- [10 . 6 • 1 . 0"-"] nonadeca- 
12 (19) ,13(18) ,14, 16-tetraen-10-ylcarbamoyl)hexanoic acid. 

31. The compound of Claim 2 where R* is -CH(R^)-R*, where R^ is 
allcyl, or al)coxycarbonyl . 

32. The compound or salt of Claim 31 wherein R' is 2-methylpropyl; 
R' is hydrogen; and R* is hydroxyaminocarbonyl . 

33. The compound of Claim 2 wherein R* is -CH(R^)-R* where R* is 
hydroxyaminocarbonyl . 

34. The coiqpound of Claim 33 wherein R^ is hydroxy, R^ is isobutyl 
and r' is hydrogen. 

35. The compound of Claim 34 wherein m and n are both 2, namely 
( 3R, 9S ) -N-hydroxy- 2 - hydroxy- S -methyl - 3 - ( 8 -oxo- 1 , 7 -diaza- 

tricyclo (9,6.1. o"-*^] octadeca- 11 ( 18 ) , 12 ( 17 ) , 14 , 16 - tetraen- 9- 
ylcarbamoyDhexianamide or its (2S,3R,9S) stereoisomer. 

36. The 3R,105 stereoisomer of the compound or salt of Claim 32 
wherein n is 2, namely (3R,105) -N-hydroxy-5-methyl-2-methoxycarbonyl-3- (9- 
oxo-l, 8-diazatricyclo- (10,6.1. o"*"] nonadeca-12 (19) , 13 (18) ,14, 16 -tetraen - 
lO-ylcarbamoyl ) hexanamide . 

37. The compoimd or salt of Claim 2 irtierein R' is -NH-CH(R*) -R"*, 
where R'^ is carboxy, alkoxycarbonyl or araDcoxycarbonyl . 

38. The compoxmd or salt of Claim 37 wherein R* is al)cyl and R'° is 
carboxy or al)coxycarbonyl . 

39. The compound or salt of Claim 1 %Aerein n is 2 or 3; m is 4; A 
is -N(R")-, where R" is hydrogen r alJcyl; R* is allcyl; and R* is hydrogen, 
halo or alkoxy. 
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40. The coniKnmd of Claim 39 i^rein is 2-methylpropyl; is 
hydrogen and R" is methyl. 

41. The coopoiind of Claim 40 wherein R' is -GBj-R^ where is 
carboxy, hydroxyaminocarbonyl , N-hydroxyformylamino, alkoxycarbonyl , 
aryloxycarbonyl, aralkoxycarbonyl , or benzyloxyaminocarbonyl . 

42. The caaxpovad of Claim 41 wherein n is 2 and R' is -CB|-C(0)NHQH. 

43. The con|)ound of Claim 1 wherein m is 2; n is 2; and A is 
oxygen. 

44. The coinpound of Claim 43 wherein R' is -CH2*R* and R' is 
hydrogen. 

45. The compound of Claim 44 wherein R' is hydrogen, alkyl or 
cycloalkylalkyl . 

46. The con^>oimd of Claim 45 wherein R^ is iso-butyl or 
cyclobutylmethyl and r' is carboxy, namely 

(3R,9S) -5-raethyl-3- (e-oxo-4-oxa-l,7.diaza-tricyclol9.6 .l.o'*-"] - 
octadeca-ll(ie) ,12,14, 16-tetraen-9-ylcarbamoyl)-hexanoic acid; and 

(3R,9S) -3 -cyclobutylmethyl -N- (8-oxo-4-oxa-l,7-dia2a* 
tricyclo 19.6.1.0"'"] -octadeca*il(l8) ,l2,l4,l6-tetraen-9-yl)8Uccinamic acid, 
respectively, or a pharmaceutically acceptable salt thereof such as the 
acetate, trifluoroacetate or hydrochloride salt. 



47. The coRipound of Claim 44 wherein r' is aryl. 



46. The compound of Claim 47 wherein R^ is carboxy, or a 
pharmaceutically acceptable salt thereof such as the acetate, 
trifluoroacetate or hydrochloride salt. 

49. The compound of Claim 44 wherein R^ is aryloxyalkyl . 

50. The compound of Claim 49 wherein R' is phenoxyethyl , 
4-chlorophenoxyethyl; and R^ is carboxy, namely, 

(3R,9S) -3- (8-oxo-4-oxa-l,7-diaza-tricycloI9.6.1.0"'"] octadeca- 
11 <18) , 12, 14, l6*tetraen-9*ylcarbamoyl) -5-phenoxy-pentanoic acid; and 

OR, 9S) -5- (4-chlorophenoxy) -3- (8-oxo-4-oxa-i, 7-dia^a-tricyclo- 
(9.6 .l.O^-^loctadeca-ll (18) ,l2,14,16-tetraen-9-ylcarbamoyl}-pentanoic acid, 
respectively, or a pharmaceutically acceptable salt thereof such as the 
acetate, trifluoroacetate or hydrochloride salt. 
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51. The coinpound £ Claim 49 wherein r' is 4-chlorophenoxyethyI r 
phenoxyethyl ; axid is ethoxycarbonyl, namely » 

(3R, 9S) -5- (4-chloro-phenoxy) -3- (B-oxo-4-oxa-l, 7-diaza* 
tricyclo [9.6.1. 0"-"] octadeca-ll ( 18) « 12 , 14 , l6-tetraen-9-ylcarbamoyl) - 
pentanoic acid ethyl eater; and 

(3R, 9S) -3- (8-oxo-4-oxa-i, 7-diaza-tricyclo [9.6.1. O**-"] octadeca- 
11(18) ,12,14, l6-tetraen-9-ylcarbamoyl)-5-phenoxy-pentanoic acid ethyl 
ester, respectively, or a pharmaceutically acceptable salt thereof such as 
the acetate, trifluoroacetate or hydrochloride salt. 

52. The compound of Claim 44 wherein R^ is arallcyl. 

53. The compound of Claim 52 wherein R' is 3-(4- 
hydroxyphenyl) propyl, 3- (4-pyridinyl>propyl, 3- [4- (3-hydroxypropoxy) - 
phenyl] propyl, 4 -phenoxy-phenylethyl , 3- [4- (2-hydroxy-ethDxy) - 
phenyl] propyl, 3- [4- (2-pyrrolidin-l-yl-ethoxy) -phenyl] propyl, 3-(4- 
methoxyphenyl ) propyl , 3- [4 - (2 -methoxy-ethoxy) -phenyl] propyl , phenylethyl , 
3 -phenyl -propyl, 3* (3-hydroxyphenyl)propyl, 3- [4- (3-piperidin-l-yl- 
propoxy) -phenyl] propyl , 3 - [4- (3 -dimethylamino-propoxy) -phenyl] propyl , 3 - [4 - 
(2-dimethylamino-ethoxy) -phenyl] propyl, 3- (4-cyano -phenyl) propyl, 3- 
(naphthalen*2-yl) propyl, 3- {4-pyrrol-l-yl-phenyl)propyl, 3- (4-hydroxy-3- 
methyl -phenyl) propyl, 3- (4 -benzyloxy- phenyl) propyl, 3- (4-araino-butoxy- 
phenyl) propyl, 4-methoxyphenylethyl, 3- (4-amino-phenyl)propyl, 3-(4- 
pyridin-4-ylmethoxy-phenyl) propyl or 3- (4-aeetylamino-phenyl) propyl; and R* 
is carboxy, namely, 

(3R, 9S) -6- (4 -hydroxy-phenyl) -3- (8-oxo-4-Qxa-l, 7-diaza- 
tricyclo [9,6.1. 0>*-"] octadeca-11 (18 ) , 12 , 14 , 16- tetraen- 9 -yl carbamoyl) - 
hexanoic acid; 

(3R, 93) -3 - (8-oxo-4*oxa-l , 7-diaza- tricyclo (9.6.1. o'^"l octadeca- 
11 (18) ,12,14, 16-tetraen-9-ylcar]t)amoyl) -6 -pyridin-4-yl -hexanoic acid; 

(3R,9S) -6- [4- (3-hydroxy-propoxy) -phenyl] -3- (8-oxo-4*oxa-l,7-diaza- 
tricyclo [9.6.1. 0^"] octadeca-11 (18) , 12 , 14 , l6-tetraen-9-ylcarbamoyl) - 
hexanoic acid; 

(3R, 9S) -3* (8-oxo-4-oxa-l , 7-diaza- tricyclo [9.6.1. O*^*^] oetadeca- 
11 (18) , 12, 14, 16-tetraen-9-ylcarbamoyl) -5- (4 -phenoxy- phenyl) -pentanoic acid; 

(3R, 9S) -6- [4- (2 -hydroxy- ethoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9.6.1. O^^^] octadeca-11 (18) , 12 , 14 , 16- tetraen-9-ylcarbamoyl) - 
hexanoic acid; 

(3R,9S) -3- (8-oxo-4-oxa-l,7-diaza-tricyclo(9. 6.1.0"-"] octadeca 
11 (18) , 12,14, 16- tetraen-9-ylcarbamoyl) -6- [4- ( 2 -pyrrol idin*l-yl - 
ethoxyphenyl] -hexanoic acid; 

{3R, 9S) -6- (4-methoxy-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9 . 6 . 1 . 0"-"] ctadeca 11 (18 ) , 12 , 14 , 16- tetraen- 9-ylcarbamoyl) - 
hexanoic acid; 
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(3R,9S) -6- [4- (2-mcthoxy-ethoxy) -phenyl] -3- (8-oxo-4-oxa-l,7-diaza- 
tricycl (9.6.1.0'^*^] ctadeca-11 (18) ,12,14, 16-tetraen-9-ylcazbamoyl) - 
hexanoic acid; 

{3R,9S)-3-(8-oxo-4-oxa-l,7-diaza-tricyGlo(9.6.l.O'^"] octadeca- 
5 11 (18) , 12, 14, 16-tetraen*9-ylcarbainoyl) -5-phenyI-pentanoic acid; 

(3R, 9S) -3- (8-oxo-4-oxa-l , 7-diaza-tricyclo (9.6,1. 0*^"] cctadeca- 
11 (18) , 12, 14, 16-tetraen-9-ylcarbamoyl) -6-phenyl-haxanoic acid; 

(3R,9S) -6- (3-hydroxy-phenyl) -3- (8-oxo-4-oxa-l,7-diaza- 
tricyclo [9.6.1. 0^'^] octadeca-11 (18) , 12 , 14 , 16-tetraen-9-ylcarbainoyl) - 
10 hexanoic acid; 

(3R,9S) -3- (8-axo-4-oxa*l,7-diaza-tricyclo[9.6.1.0'^"] octadeea- 
11 (18) , 12, 14, 16-tetraen-9-ylcarbanioyl) -6- [4- (3-piperidin-l-yl-propoxy) - 
phenyl] -liexanoic acid; 

(3R, 9S) -6- [4- (3-dimethylainino-propoxy) -phenyl] -3- (8-oxo-4-oxa-l, 7- 
15 dlaza-tricyclo [9. 6. 1.0^"] octadeca-11 (18) ,12,14,16-tetraen-9-ylcarbaiRoyl) - 

hexanoic acid; 

(3R, 9S) -6- [4- (2-dimethylainino-ethoxy) -phenyl] -3- (8-oxo-4-oxa-l,7- 
diaza- tricyclo [9.6.1. 0'^'^] octadeca-11 (18) , 12, 14, 16-tetraen-9-ylcarbainoyl) - 
hexanoic acid; 

20 (3R, 9S) -6- (4-cyano-phenyl) -3- (a-oxo-4-oxa-l, 7-diaza- 

tricyclo [9.6.1. 0"*"] octadeca-11 (18 ) , 12 , 14 , 16-tetraen-9-ylcarbaiDoyl) - 
hexanoic acid; 

{3R,9S) -6-naphthalen-2-yl-3- (8-oxo-4<-oxa-i,7-diaza- 
tricyclo [9.6.1. 0^*^] octadeca-11 (18) , 12 , 14 , 16-tetraen-9-ylcarbainoyl) - 
25 hexanoic acid; 

(3R, 9S) -3- {8-oxo-4-oxa-l, 7-diaza-tricyclo [9.6 . 1. 0"-"] octadeca- 
11(18) ,l2,14,l6-tetraen-9-ylcarbainoyl)-6- ( 4 -pyrrol -1-yl) -hexanoic acid; 

(3R, 9S) -6- (4 -hydroxy- 3 -methyl-! phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9.6.1. 0'^"] octadeca-11 (18) , 12 , 14 , 16-tetraen-9-ylcarbaTOyl) - 
30 hexanoic acid; 

(3R, 9S) -6- (4-benzyloxy-phenyl) -3- ( 8 -oxo-4-oxa-l, 7-diaza- 
tricyclo (9 . 6.1. 0«*"1 octadeca-11 (18) , 12 . 14 , 16-tetraen-9-ylcarbamoyl) - 
hexanoic acid; 

(3R, 9S) -6- (4- (4-aminobutoxy-phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
35 tricyclo (9.6.1. o"-"] octadeca-11 (18) , 12 , 14 , 16- tetraen»9-ylcarbamoyl) - 

hexanoic acid; 

(3R,9S) -5- (4-methoxy-phenyl) -3- ( 8 -oxo- 4 -oxa-l, 7-diaza- 
tricyclo (9 . 6.1. 0*^''] octadeca-11 (18) , 12 , 14 , 16- tetraen-9-ylcarbarooyl) - 
pcmtanoic acid; 

40 (3R,9S) -6- (4-ainino-phenyl) -3- (8 -oxo-4-oxa-l, 7-diaza- 

tricyclo [9 . 6.1. 0'^"] octadeca-11 (18) , 12 , 14 , 16-tetraen-9-ylcarbamoyl) - 
hexanoic acid; 

( 3R , 9S ) - 3 - ( 8 - oxo-4 -oxa- 1 , 7 -diaza- tricyclo [9.6.1. o"-"] c t adeca- 
11 (18) ,12, 14, 16-tetraen-9-ylcarbamoyl) -6- [4- (pyridin-4-ylmethoxy) -phenyl] - 
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hexanoic acid; and 

(3Ri9S) -6- (4-acetylamino-phenyl) -3-<8-ox -4-oxa-l,7-diara- 
tricyclo [9.6.1. 0*^"] octadeca-11 (18) , 12 , 14 , 16-tetraan-9*ylcarbainoyl) - 
hexanoic acid, respectively « or a pharmaceutically acceptable salt thereof 
5 such as the acetate, trifluoroacetate or hydrochloride salt. 

54. The compoiind of Claim 53 which is 

the acetate salt of (3R,9S) -3* (8-oxo-4-oxa-l,7-dia^a- 
tricyclo [9 .6.1. 0^^^] octadeca-11 (18) , 12 , 14 , 16-tetraen-9-ylcarbainoyl) -6- [4- 
10 (2*pyrrolidin-l-yl-ethoxy) ^phenyl] -hexanoic acid; or 

the trifluoroacetate salt of (3R,9S) -3- (8-oxo-4-oxa-l,7-diaza- 
tricyclo (9 .6.1. 0"*"] octadeca-11 (18) , 12 , 14 , 16- tetraen-9-ylcarbatnoyl) -6- 
pyridin-4-yl -hexanoic acid; or 

the trifluoroacetate salt of (3R,9S) -6- [4- (3-dimethylamino-propoKy) - 
15 phenyl] -3- (8-oxo-4-oxa-l, 7-diaza-tricyclo [9. 6.1.0**-"] octadeca- 

11 (18) ,12,14, 16-tetraen-9-ylcarbanioyl) -hexanoic acid; or 

the trifluoroacetate salt of (3R,9S)-6-[4-(2-diinethylainino-ethoxy)- 
phenyl] -3- (8-oxo-4-oxa-l, 7-diaza-tricyclo[9, 6.1.0"-"] octadeca- 
11 (18) ,12,14, 16-tetraen-9-ylcarbanioyl) -hexanoic acid; or 
20 ^ the trifluoroacetate salt of (3R,9S) -6- (4- (4-aiiiino-batoxy) -phenyl] -3- 

(8-oxo-4-oxa-l , 7-diaza-tricyclo [9.6.1. O**"] octadeca-ll (18) , 12 , 14 , 16- 
tetraen-9-ylcarbamoyl) -hexanoic acid; or 

the acetate salt of (3R,9S) -6- (4-amino-phenyll -3- (8-oxo-4-oxa-l,7- 
diaza-tricyclo [9 . 6 .1.0*^"] octadeca-11 (18) , 12 , 14, l6-tetraen-9-ylcarbainoyl) - 
25 hexanoic acid; or 

the triflwroacetate salt of (3R, 9S) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo [9.6.1. 0*^"] octadeca-11 (18) , 12 , 14 , 16-tetraen-9-ylcarbamoyl) -6- [4- 
(pyridin-4-ylmethoxy) -phenyl] -hexanoic acid. 

30 55. The coinpound of Claim 52 wherein R* is 3- [4- (3-hydroxy-propoxy) 

-phenylpropyl or 3- (4-pyridinyl)propyl; and R^ is ethoxycarbonyl , namely, 
(3R,9S) -6- (4- (3-hydroxy-propoxy) -phenyl) -3- (8-oxo-4-oxa-l, 7-diaza- 
tricyclo (9 .6.1. 0'*'"] octadeca-11 (18) , 12 , 14, 16-tetraen-9-ylcarbamoyl) - 
hexanoic acid ethyl ester, and 

35 ( 3R , 9S ) - 3 - ( 8 -oxo- 4 -oxa- 1 , 7 -diaza- tricyclo [9.6.1. 0"*"] octadeca- 

ll (18) ,12, 14,16- tetraen-9-ylcarbamoyl)-6-pyridin-4-yl-hexanoic acid ethyl 
ester, respectively, or a pharmaceutically acceptable salt thereof. 

56. The pharmaceutically acceptable salt of a con^und of Claim 55 
40 which is the hydrochloride salt. 

57. A pharmaceutical composition comprising a coinpound or salt of 
Claim 1 and a pharmaceutically acceptable excipient. 
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58. A method of treating a nuunmal having a disease state that is 
alleviated by treatment with a matrix metallopr tease inhibitor, which 
comprises administering a therapeutically effective amount of a cooqpound or 
salt of Claim 1 to a mammal in need thereof. 

59. The method of Claim 58 wherein the disease state is arthritic 
disease . 

60. The method of Claim 58 wherein the disease state is 
osteoporosis . 



61. A process for the preparation of a coa^>ound of Claim 1, idiich 
comprises : 

(a) reacting a compo\md of formula (K) where is hydrogen or 
alkoxycarbonyl; is alkyl or benzyl and R' is as defined in 
the Sunmary of the Invention; with a conqoound of formula (J) 
v^erein p is 5, 6, 7 or 8 and R' is as defined in the Summary 
of the Invention; to form a confound of formula (I) therein n 
is 1, 2, or 3; m is 3 or 4; A is -CH2-; R' is -CHj-R* where R* is 
alkoxycarbonyl; and r' and R' are as defined in the Sunmary of 
the Invention; or 

(b) treating a compound of formula (I) wherein n is 1, 2, or 3; m 
is 3 or 4; A is -CK]*; R' is -CBj-R^ where R^ is alkoxycarbonyl; 
and R^ and R' are as defined in the Summary of the Invention; to 
form a compound of formula (I) iriierein n is 1, 2, or 3; m is 3 
or 4; A is -CHj-; R' is -CH2-R* where R* is carboxy; and R^ and r' 
are as defined in the Siumnary of the Invention; or 

(c) treating a compound of formula (I) wherein n is 1, 2, or 3; m 
is 3 or 4; A is -CH2*; R^ is -CEi-R^ where R^ is carboxy; and R^ 
and r' are as defined in the Summary of the Invention; with O* 
benzylhydroxylamine to form a confound of formula (I) wherein n 
is 1, 2, or 3; m is 3 or 4; A is -CH^-f -C&i-R^ where R^ is 
benzyloxyaminocarbonyl ; and R^ and R' are as defined in the 
Summary of the Invention; or 

(d) treating a conpoiind of formula (I) %rherein n is l, 2, or 3; m 
is 3 or 4; A is -CK,-; R* is ^CHj-R^ where R* is 
benzyloxyauDinocarbonyl ; and R' and r' are as defined in the 
Summary of the Invention; to form a coa^>ound of formula (I) 
wherein n is l, 2, or 3; m is 3 or 4; A is -CHi-; R^ is -CHt-R^ 
where R* is hydroxyaminocarbonyl ; and r' and r' are as defined 
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in the Sumnary f the Invention; or 

(e) reacting a compound o£ formula (M) wherein is as defined in 
the Suiwnary of the Invention, vith a conf>ound of formula (J) 
5 where p is 5, 6, 7 or 8; and is hydrogen, to form a compound 

of formula (I) wherein n is 1, 2 or 3; m is 3 or 4; A is -CB,-; 
R' is -CH2-R^ where R^ is acetyl thio; and R^ and R' are as defined 
in the Summary of the Invention; or 

10 (f) treating a compound of formula (I) irtierein n is 1, 2 or 3; m is 

3 or 4; A is -CHj*; R' is -CHj-R^ where R^ is acetyl thio; and R' 
and R' are as defined in the Sunonary of the Invention; to form 
a compotind of formula (I) wherein n is 1, 2 or 3; m is 3 or 4; 
A is *CB2-; R' is -CH|*R* where R" is mercapto; and R^ and R' are 

15 as defined in the Sumnary of the Invention; or 

(g) reacting a compound of formula (BB) where r' is as defined in 
the Suninary of the Invention; and R* is optionally substituted 
aryl wherein the aryl group is quinol-2-yl, naphth-l-yl, 
20 ^ naphth-2-yl, pyridyl or phenyl; with a compound of formixla (J) 

%diere p is 5, 6, 7 or 8; and r' is as defined in the Simnary of 
the Invention, to form a compound of formula (I) wherein n is 
1, 2 or 3; m is 3 or 4; A is -CH}-; R' is *CB2~K^ vhBTB R^ is 

25 




in which R^ is optionally substituted aryl, wherein the aryl 
30 group is guinol-2-yl, naphth-l-yl, naphth-2-yl, pyridyl or 

phenyl; R^ and R^ are as defined in the Summary of the 
Invention; or 

(h) treating a con^und of formula (Im) where n is 2 or 3; m is 4; 
35 A is -NR" where r" is hydrogen or allcyl; R> is -CBj-R^ where R^ 

is benzyloxyaminocarbonyl; and R' and r' are as defined in the 
Summary of the Invention; to form a compound of formula (1) 
wherein n is 2 or 3; m is 4; A is -KR" where R" is hydrogen or 
alkyl; R^ is •CHj-R* where R* is hydroxyaminocarbonyl ; and R' and 
40 r' are as defined in the Summary of the Invenetion; or 

(i) reacting a coo^und of formula (MM) where R* is hydrogen, alkyl 
or aralkyl and R^ is as defined in the Summary of the 
Invention; with a compound of formula (J) wh re p is 5, 6, 7 or 
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e and is as defined in the SuBsnary of the Invention; t form 
a con^xind of fonnula (I) wherein n is 1« 2 or 3; m is 3 or 4; 
A is -CB2-; R* is -MH-CH(R*)-R'^ MthATB R* is hydrogen, al)cyl or 
aralkyl, and r'^ is aralkoxycarbonyl ; and R^ and R' are as 
defined in the Summary of the Invention; or 

(j) treating a conqpoiwd of formula (I) wherein n is 1, 2 or 3; m is 
3 or 4; A is -CH}-; R' is -MB-CK (R*) -R'^ where R* is hydrogen, 
alkyl or aralkyl, and R'" is aralkoxycarbonyl ; and R' and R' are 
as defined in the Sunonary of the Invention; to form a compound 
of formula (I) wherein n is 1, 2 or 3; m is 3 or 4; A is -CH}-; 
R* is -MH-CB(R*)-r"^ where R* is hydrogen, allcyl or aralkyl, and 
R^ is carboxy; and R' and R' are as defined in the Summary of 
the Invention; or 

<k) treating a con^und of formula (PP) wherein p is 5, 6, 7 or 8; 
R^ is hydroxy, benxyl or allcyl; and R' and R' are as defined in 
the Summary of the Invention;, to form a compound of formula 
(I) wherein n is 1« 2 or 3; m is 3 or 4; A is -CB2-; R' is - 
CH(R^)-R* where R^ is -CB^IKR in which R is hydrogen and R* is 
carboxy, benzyloxycarbonyl or alkoxycarbonyl ; and R' and R' are 
as defined in the Summary of the Invention; or 

(1) treating a compound of formula (I) %^rein n is 1, 2 or 3; m is 
3 or 4; A is -CH,-; R' ts -CH(R')-R» where R' is -CHillHR in which 
R is hydrogen and R* is benzyloxycarbonyl or alkoxycarbonyl; 
and R^ and R^ are as defined in the Summary of the Invention; to 
form a compound of formula (I) wherein n is 1, 2 or 3; m is 3 
or 4; A is -CH3-; R* is -CH(R^)-R* ^ere R^ is -CH^IKR in which R 
is hydrogen and R* is carboxy; and R' and R' are as defined in 
the Summary of the Invention; or 

(m) reacting a compound of formula (Ka) ii^rein R^ is as defined in 
the Sumnary of the Invention with a coii9>ound of formula (ff) 
wherein R' is as defined in the Sumnary of the Invention; to 
form a conpound of formula (I) wherein m and n are both 2; A is 
oxygen; R^ is -CBj-R* where R^ is t-butyloxycarbonyl; and R' and 
R^ are as defined in the Summary of the Invention; or 

(n) hydrogenating a cdopound of formula (ii) wherein r' is as 

defined in the Summary of the Invention, to form a compoimd of 
formula (I) wherein m and n are both 2; A is oxygen; R' is -CBj- 
R* where R^ is t-butyl xycarbonyl; R' is aralkyl (aryl- (CB2)3-) ; 
and R' is as defined in the Summary of the Invention; r 
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( ) converting a compound £ f nmila (I) ndiereln m and n are both 

2; A is oxygen; R' is -CBi-R* where It* is t-butyloxycarbonyl ; and 

and r' are as defined in the Sumnary £ the Invention; to a 
connpoxmd of formula (I) wherein m and n are both 2; A is 
5 oxygen; R' is -CH2-R^ «^ere R^ is carboxy; and R' and R^ are as 

defined in the Summary of the Invention; or 

(p) converting a compound of formula (I) wherein m and n are both 
2; A is oxygen; R* is -CH2-R* where R* is carboxy or t- 
10 butyloxycarbonyl; and R^ and R^ are as defined in the Summary of 

the Invention; to a con^oiind of formula (I) wherein m and n are 
both 2; A is oxygen; R' is -CHj-R* where R* is an alkoxycarbonyl 
other than t-butyloxycarbonyl; and r' and R' are as defined in 
the iSuinmary of the Invention; or 

15 

(q) converting a conqpound of formula (I) wherein R' is 

hydroxyarylalkyl; and m, n, a, r' and R' are as defined in the 
Summary of the Invention, to form a compound of formula (I) 
wherein R^ is alkoxyarylalkyl; and m, n, A, R^ and r' are as 
20 ^ defined in the Summary of the Invention; and further optionally 

(r). converting a compound of formula (I) to a pharmaceutically 
acceptable salt thereof; or 

25 is) converting a salt of a compound of formula (I) to the 

corresponding free base. 
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